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PREFACE. 


The  contents  of  this  little  book  are  to  a  great  extent  a 
transcript  of  the  notes  of  my  lectures  delivered  at  the 
K-oyal  College  of  Chemistry  during  the  Winter  Session  of 
1865-66.  These  notes  have  been  considerably  amplified 
only  in  the  earlier  chapters_,  on  nomenclature,  notation, 
and  the  atomicity  of  elements — subjects  which,  in  their 
modern  developments,  have  undergone  such  profound 
changes  as  to  render  their  somewhat  more  extended  treat- 
ment necessary  to  the  comprehension  of  the  remainder  of 
the  book. 

To  render  the  work  as  concise  as  possible,  all  formal 
description  of  the  properties  of  the  bodies  treated  of  has 
been,  for  the  most  part,  entirely  omitted.  Such  a  descrip- 
tion (which  is  moreover  easily  accessible  elsewhere)  would, 
even  if  brief,  have  swollen  the  book  to  more  than  double  its 
present  size.  For  the  same  reason  I  have  been  compelled 
to  treat  the  metallic  elements  in  a  manner  which  will 
doubtless  seem,  to  many,  unworthy  of  their  importance ; 
but  their  number  is  so  great,  that  any  attempt  to  give 
more  than  the  names  and  formulae  of  their  chief  com- 
pounds would  have  extended  the  work  far  beyond  the 
limits  I  had  assigned  to  it.  My  aim  has  been  to  classify 
and  systematize  rather  than  to  describe,  and  I  have  endea- 
voured to  furnish  the  student  with  a  kind  of  skeleton  of 
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tlie  science,  which  it  is  intended  he  should  himself  clothe 
with  the  already  known  and  daily  increasing  facts  of  expe- 
rimental research.  To  aid  him  in  this^  he  has  the  choice 
of  numerous  standard  treatises,  amongst  which  may  be 
mentioned  Watts^s  ^Dictionary  of  Chemistry/  Gmelin^s 
'  Handbook  of  Chemistry/  Graham^s  ^  Elements  of  Che- 
mistry/ Miller^'s  ^  Elements  of  Chemistry/  Odling^s 
'  Manual  of  Chemistry/  Gerhardt^s  ^  Traite  de  Chimie 
Organique/  ^  Traite  de  Chimie  Generale  ^  by  Pelouze  and 
Eremy,  Kolbe^s  ^  Lehrbuch  der  organischen  Chemie/  and 
Kekule's  ^  Lehrbuch  der  organischen  Chemie.^ 

I  have  often  noticed  with  regret  the  great  amount  of 
labour  which  an  earnest  student  expends  in  noting  down 
the  reactions  and  the  names  and  formulae  of  substances 
which  are  presented  to  his  notice  in  the  lecture-theatre. 
He  is  thus  greatly  interrupted  in  following  the  arguments 
and  explanations  of  the  speaker,  and  he  often  loses  more 
important  generalizations  in  securing  a  record  of  details. 
One  of  my  chief  objects  in  the  preparation  of  this  book 
has  been  to  relieve  him  from  such  distractions.  Eor  this 
purpose  very  full  lists  of  names  and  formulae  are  given, 
and  a  comparatively  large  amount  of  space  is  devoted 
to  equations  expressing  the  reactions  occurring  in  the  for- 
mation and  decomposition  of  the  substances  treated  of. 

Such  being  the  chief  objects  of  the  book,  it  would 
obviously  have  been  impossible  to  give  in  all,  or  even  in 
many  cases  the  reasons  which  have  induced  me  to  adopt 
such  views  of  the  constitution  of  both  mineral  and  organic 
compounds  as  are  either  novel  or  not  generally  recognized. 
Thus,  I  am  aware  that  the  atomicity  which  is  assigned 
to  many  of  the  elements  may  be  called  in  question ;  but 
it  is  hoped  that,  in  thus  giving  for  the  first  time  a  thorough 
and  consistent  scheme  of  the  combining-powers  of  atoms, 
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the  advantages  of  the  simplicity  of  symbolic  expression, 
thereby  secured,  will  more  than  outweigh  the  evil  resulting 
from  the  few  errors  which  future  research  may  reveal. 

Whilst  the  rapid  progress  of  organic  chemistry  has  on 
the  one  hand  enormously  increased  the  number  of  organic 
compounds,  it  has,  on  the  other,  revealed  new  relations 
between  the  different  groups  of  these  compounds,  and 
opened  up  many  new  paths,  both  from  one  group  to 
another  and  from  member  to  member  of  the  same  group. 
The  relative  importance  of  individual  compounds  has  thus 
gradually  diminished  in  comparison  with  that  of  the  family 
to  which  they  belong ;  and  the  time  has  now  arrived  for 
recognizing  this  condition  of  things,  by  so  classifying 
organic  bodies  as  to  make  the  description  of  the  individual 
members  subsidiary  to  that  of  the  family  to  which  they 
are  attached.  The  student  can  thus  more  easily  gain  a 
general  view  of  the  otherwise  almost  hopelessly  vast  array 
of  organic  substances. 

To  illustrate  important  constitutional  formulae,  I  have 
extensively  adopted  the  graphic  notation  of  Crum  Brown, 
which  appears  to  me  to  possess  several  important  advan- 
tages over  that  first  proposed  by  Kekule.  Graphic  notation 
affords  most  valuable  aid  to  the  teacher  in  rendering  intel- 
ligible the  constitution  of  chemical  compounds,  especially 
when  it  is  supplemented  by  what  may  be  called  the 
glyptic  formulae  of  Hofmann.  The  system  of  symbolic 
notation,  which  I  have  explained  in  Chapter  III.,  is  so 
framed  as  to  express  the  same  ideas,  of  the  chemical 
functions  of  atoms,  as  the  graphic  and  glyptic  formula, 
with  which,  therefore,  it  harmonizes  completely;  whilst  it 
enables  the  student  gradually  to  dispense  with  the  last  two 
forms  of  constitutional  notation. 

I  am  aware  that  graphic  and  glyptic  formulae  may  be 
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objected  to_,  on  the  ground  that  students^  even  when  spe- 
cially warned  against  such  an  interpretation^  will  be  liable 
to  regard  them  as  representations  of  the  actual  physical 
position  of  the  atoms  of  compounds.  In  practice  I  have 
not  found  this  evil  to  arise ;  and  even  if  it  did  occasionally 
occur^  I  should  deprecate  it  less  than  ignorance  of  all 
notion  of  atomic  constitution. 

In  conclusion^  I  have  much  pleasure  in  thanking  my 
assistant^  Mr.  Herbert  M^Leod^  for  his  valuable  help, 
both  in  compilation  and  in  the  revision  of  the  proofs. 
Mr.  M^Leod  has  devoted  much  attention  to  the  consti- 
tutional formulae  of  minerals ;  and  most  of  the  symbolic 
and  graphic  expressions  for  these  compounds  are  from  his 
pen.  To  my  assistant_,  Mr.  W.  Valentin,  I  am  also  much 
indebted  for  aid  in  the  laborious  work  of  revising  proofs. 
In  a  book  which  is  so  full  of  formulae,  it  would  be  too 
much  to  expect  entire  freedom  from  errors  j  but  every 
care  has  been  taken  to  reduce  their  number  as  much  as 
possible. 

E.  ¥. 

Eoyal  College  of  Chemistry,  London, 
September  15,  1866. 
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LECTURE  NOTES 
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CHEMICAL  STUDENTS. 


CHAPTER  I. 

INTRODUCTOEY. 

Definition. — Chemistry  is  the  science  which  treats  of  the 
atomic  composition  of  bodies,  and  of  those  changes  in  matter 
which  result  from  an  alteration  in  the  relative  position  of 
atoms. 

Simple  and  Compound  Mattee. — All  kinds  of  matter  are 
divided  into  two  great  classes, — simple  substances^  and  com- 
pound  substances.  A  simple  substance  is  one  out  of  which  it  is 
impossible  to  obtain,  by  any  known  process,  two  or  more  essen- 
tially different  kinds  of  matter.  A  compound  substance,  on  the 
other  hand,  is  one  which  can  be  resolved  into  two  or  more 
simple  substances.  The  simple  substances  at  present  known 
are  sixty-two  in  number,  and  are  termed  elements.  By  the 
combination  of  these  elements  with  each  other,  all  the  infi- 
nitely varied  forms  of  terrestrial  matter  are  produced. 

Modes  oe  Chemical  Action. — Matter  undergoes  chemical 
change  in  five  different  ways,  viz. : — 

1st.  By  the  direct  combination  of  elements  or  compounds 
with  each  other. 

2nd.  By  the  displacement  of  one  element  or  group  of  ele- 
ments in  a  body  by  another  element  or  group  of  elements. 

3rd.  By  a  mutual  exchange  of  elements  or  groups  of  elements 
in  two  or  more  bodies. 
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4th.  By  tlie  re-arrangement  of  the  elements  or  groups  of 
elements  already  contained  in  a  body. 

5th.  By  the  resolution  of  a  compound  into  its  elements,  or 
into  two  or  more  less  complex  compounds. 

Atomic  Weight. — Chemists  assign  to  every  element  a 
number  called  its  atomic  weight.  This  number  is  made  to 
represent,  as  far  as  possible, — 

1st.  The  smallest  proportion  by  weight  in  which  the  element 
enters  into  or  is  expelled  from  a  chemical  compound, — the 
smallest  weight  of  hydrogen  so  entering  or  leaving  a  chemical 
compound  being  taken  as  unity. 

2nd.  The  weight  of  the  element  in  the  solid  condition  w^hich, 
at  any  given  temperature,  contains  the  same  amount  of  heat  as 
seven  parts  by  weight  of  solid  lithium  at  the  same  temperature. 

3rd.  The  weight  of  the  element  which,  in  the  form  of  gas 
or  vapour,  occupies,  under  like  conditions  of  temperature  and 
pressure,  the  same  volume  as  one  part  by  weight  of  hydrogen. 

The  atomic  weight  of  a  compound  is  the  sum  of  the  atomic 
weights  of  its  elements. 

The  atomic  weights  of  the  elements  are  given  in  the  Table 
at  page  6. 

Atoms  and  MoLEcrLES. — The  proportional  amount  of  any 
element  represented  by  its  atomic  weight,  as  above  described, 
is  commonly  called  an  atom  of  that  element. 

When  an  element  is  isolated,  or  separated  from  every  other 
kind  of  matter,  its  atoms  still  exist,  except  in  a  few  cases,  in 
combination  with  each  other.  In  many  instances  the  atoms  of 
isolated  elements  are  associated  in  pairs  when  thus  combined. 
Such  an  isolated  atom  or  group  of  atoms  constitutes  an  elemen- 
tary molecule. 

It  follows  from  what  has  been  said  that  the  bulk  of  a  mole- 
cule, or  the  molecular  volume  of  an  element  in  the  gaseous  or 
vaporous  condition,  must  be  the  same  as  the  molecular  volume 
of  hydrogen  at  the  same  temperature  and  pressure,  and  that 
the  molecular  weight  of  an  element  is  in  a  large  number  of  cases 
twice  its  own  atomic  weight. 
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The  following  is  a  list  of  those  elements  whose  molecular 
volumes  have  been  determined. 


Molecules  containing  of  the  element 

One  atom. 

Two  atoms. 

Three  atoms. 

Four  atoms. 

Six  atoms. 

Monatomic 

Diatomic 

Triatomic 

Tetratomic 

Hexaiomic 

Molecules. 

Molecules. 

Molecules. 

Molecules. 

Molecules. 

Mercury. 

Cadmium. 

Zinc. 

Hydrogen. 

Oxygen. 

Chlorine. 

Bromine. 

Iodine. 

Fluorine. 

Nitrogen. 

Sulphur. 

Selenium. 

Oxygen  (as 
Ozone). 

Phosphorus. 
Arsenic. 

Sulphur. 

It  will  be  perceived  from  the  above  Table  that  an  element 
may  have  two  distinct  molecular  weights.  This  is  known  to 
be  the  case  with  oxygen  and  sulphur. 

The  molecular  weight  of  a  compound  is,  with  very  few  excep- 
tions, identical  with  its  atomic  weight.  The  molecular  volume 
or  the  space  occupied  by  the  combining  proportion  of  a  com- 
pound is,  with  very  few  exceptions,  equal  to  that  occupied 
by  two  combining  proportions,  or  one  molecule,  of  hydrogen. 
Hence  the  law — equal  volumes  of  all  gases  and  vapours  contain, 
at  the  same  temperature  and  'pressure,  an  equal  nwnber  of  mole- 
cules. 

"With  very  few  exceptions,  therefore,  the  molecules  of  all 
compounds,  no  matter  how  great  may  be  the  aggregate  volume 
of  their  constituents,  occupy,  when  compared  at  the  same  tem- 
perature and  pressure,  one  uniform  volume,  which  is  exactly 
the  same  as  that  filled  by  one  molecule  of  hydrogen.    Thus  : 

vol.                   vol.  vols. 
1  of  Hydrogen  + 1  of  Chlorine  form  2  of  Hydrochloric  acid. 

1  of  Hydrogen  + 1  of  Bromine  vapour   „   2  of  Hydrobromic  acid. 

2  of  Hydrogen  +1  of  Sulphur  vapour   2  of  SulphurettedHydrogen. 

2  of  Hydrogen  + 1  of  Oxygen    „   2  of  Steam. 

3  of  Hydrogen  + 1  of  Nitrogen   „   2  of  Ammonia. 

4  of  Hydrogen  +a;  of  Carbon  vapour   ,.    2  of  Marsh-gas. 

6  of  Hydrogen  +1  of  Oxygen  +2*  of  Carbon  vapour  „    2  of  Alcohol  vapour. 
12  of  Hydrogen  +1  of  Oxygen  +5^?  of  Carbon  vapour  „   2  of  Amylic  alcohol  vapour. 
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Chemical  Aefinitt. — The  force  or  power  which  holds  to- 
gether the  elements  of  a  compound  is  termed  chemical  affinity. 
Elements  which  readily  combine  with  each  other,  and  develope 
much  heat  on  combination,  are  said  to  have  a  powerful  affinity 
for  each  other.  The  elements  which  thus  exhibit  towards  each 
other  a  great  affinity  are  possessed  of  widely  different  properties  ; 
and  when  their  compounds  are  decomposed  by  an  electric  cur- 
rent, the  constituents  are  evolved  at  the  opposite  poles. 
Those  elements  which,  under  such  circumstances,  make  their 
appearance  at  the  positive  pole  are  termed  electro-negative  or 
negative  elements,  whilst  those  disengaged  at  the  negative  pole 
are  called  electro-positive  or  positive  elements.  For  reasons 
which  will  appear  hereafter,  the  negative  are  sometimes  called 
chlorous,  and  the  positive  hasylous  elements.  It  must  be  re- 
membered, however,  that  the  difference  between  these  two 
classes  is  one  of  degree  only ;  they  insensibly  merge  into  each 
other,  since  the  members  of  both  classes  exhibit  a  graduated 
intensity  of  the  positive  or  negative  quality.  Thus  potassium 
is  more  positive  than  sodium,  and  oxygen  more  negative  than 
sulphur,  whilst  mercury  is  negative  to  sodium  but  positive  to 
iodine. 

The  following  eight  elements  are  negative  or  chlorous  to- 
wards the  remaining  fifty-four  elements,  which  are  more  or 
less  positive  or  basylous : — 

Fluorine.  Oxygen. 

Chlorine.  Sulphur. 

Bromine.  Selenium. 

Iodine.  Tellurium. 

Although  two  positive  or  two  negative  elements  can  combine 
together  chemically,  yet  their  union  is  rarely  attended  with 
such  striking  phenomena  as  are  manifested  when  the  combi- 
nation takes  place  between  a  positive  and  a  negative  element. 
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CHAPTER  II. 

CHEMICAL  NOMENCLATUEE. 

The  study  of  every  science  necessitates  an  acquaintance  with 
the  system  of  names  and  peculiar  modes  of  expression  which 
have  been  found  most  convenient  to  denote  the  materials  and 
to  describe  the  phenomena  which  form  its  objects.  Such  names 
and  modes  of  expression  form  the  groundwork  of  the  language 
of  every  science,  upon  the  right  employment  of  which  depend 
the  precision  and  accuracy  of  scientific  definition. 

The  nomenclature  of  a  science  ought  to  be  distinguished  for 
its  clearness  and  simplicity ;  but  it  is  by  no  means  easy  to 
secure  these  conditions  in  a  science  like  chemistry,  where  the 
rapid  progress  of  discovery  necessitates  the  continual  addition 
of  new  and  the  frequent  alteration  of  old  names.  The  che- 
mical name  of  a  substance  should  not  only  identify  and  indi- 
vidualize that  substance,  but  it  should  also  express  the  compo- 
sition and  constitution  of  the  body,  if  a  compound,  to  which  it 
is  applied.  The  first  of  these  conditions  is  readily  attained ; 
but  the  second  is  much  more  difficult  to  secure,  inasmuch  as 
our  ideas  of  the  constitution  of  chemical  compounds — the  mode 
in  which  they  are  built  up  as  it  were— require  frequent  modi- 
fication. On  this  account  all  attempts  to  frame  a  perfectly 
consistent  system  of  chemical  nomenclature  have  hitherto  been 
only  partially  successful. 

It  has  been  already  mentioned  that  the  number  of  elements'^ 
at  present  known  is  sixty -two.  These  have  received  the  names 
given  in  the  following  Table,  in  which  the  twenty-one  most 
important  elements  are  distinguished  by  the  largest  type, 
those  next  in  importance  by  medium  type,  whilst  the  names  of 
elements  which  are  either  of  rare  occurrence,  or  of  which  our 
knowledge  is  yet  very  imperfect,  are  printed  in  the  smallest 
type. 
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Name. 

ALUMINIUM 

Antimony  

Aesenic  

Barium   

Bismuth   

Boron   

BROMINE  

Cadmium   

Caesium   

CALCIUM   

CARBON   

Cerium   

CHLORINE  .. 

Chromium  

Cobalt   

COPPER   

Didymium  

FLUORINE  .. 
Grlucinum   

GrOLD   

HYDROGEN  .. 

Indium   

IODINE  

Iridium  

IRON  

Lanthanium  . . 

LEAD  

Lithium  

Magnesium  ... 
MANGANESE 
MERCURY  ... 


Sym- 
boi. 

Atomic 
weight. 

Name. 

Sym- 
boi. 

Atomic 
weight. 

A  1 

ivj.oiy  uucumu  . . . 

IVxO 

Q9 

kJL) 

^  99 

X\  1 

Oo  o 

/  o 

y/  D 

Tip 

-Da 

1  ^7 

J-O  / 

AT 

1  A. 

Tii 

908 

1  QQ 

13 
Jj 

1 1 

±  L 

n 

ID 

-or 

oO 

Prl 

xu. 

J-UD  O 

119 

PTrnSPTTOP  TTS 

p 

OS 

1 

-IT  IjA  1  iJN  U  M   

Pf 

X  u 

xy  /  ■a 

v-^a 

PnTARRTTTTVr 

QQ 

oy 

1  9 

rs  "CT/^T^TTT1\(r 

xvU 

1  nj 

Q9 

JxD 

oO  O 

PI 

OD  0 

r\  n  T"  Ki  /^T^  in  Tv~i 

xvU 

1  O/L 

Pt. 

DZi  D 

k5e 

/  y 

Oo  o 

OXXiXV^UlN   

Zo  O 

Pii 

uu 

Do  O 

OXXj  V  ILSx  

A  rf 

Ag 

1  nc 

u 

SfiTlTTTW 

0\JU±  U  lU.   

±>i  a 

9Q 

1  Q 

k31  itUJN  11  U  JM  ... 

o  /  U 

1  zL 

STTT.PTTTTP 

Q9 
oZ 

Am 

1  Qfi''7 

1  OTl'f"0  1  n  wi 

xa 

lo  /  O 

TT 
Xl 

± 

1         1  In  T»T  TT  TVT 

±e 

1  9Q 

Tn 
J- 11 

/ 

1   rl  Q  1  1  m  TV^ 

Tl 

Xi 

T 
± 

1  9'7 

X  n 

9Q1  -f^ 

Zox  O 

Ir 

198 

Tin  

Sn 

118 

re 

56 

Titanium 

Ti 

50 

L 

92 

Tun  gsten 

W 

184 

Pb 

207 

Uranium 

JJ 

120 

Li 

7 

Vanadium   

Y 

137 

Mg 

24 

Yttrium  

Y 

68 

Mn 

55 

ZINC   

Zn 

65 

Hg 

200 

Zirconium   

Zr 

90 

These  elementary  substances  have  been  long  divided  into 
two  great  classes — metals  and  non-metals,  the  latter  being  also 
sometimes  termed  metalloids.  The  metals  are  by  far  the  most 
numerous,  the  non-metals  numbering  only  the  following  thirteen 
elements: — Boron,  Bromine,  Carbon,  Chlorine,  Fluorine,  Hy- 
drogen, Iodine,  Nitrogen,  Oxygen,  Phosphorus,  Selenium, 
Silicon,  Sulphur. 
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The  names  of  the  elements  can  scarcely  be  said  to  have  been 
given  according  to  any  rule ;  many  of  them  are  derived  from 
the  most  prominent  property  of  the  bodies  themselves,  whilst 
others  have  a  mythological  origin.  An  attempt  has  been 
made  to  distinguish  the  metals  by  the  termination  um,  as 
potassium,  sodium,  &c. ;  but  the  common  metals,  such  as  gold, 
copper,  iron,  &c.,  still  retain  their  original  names ;  and  one 
substance,  selenium,  which  at  the  time  of  its  discovery  was 
regarded  as  a  metal,  has  had  no  change  made  in  its  name, 
although  further  research  has  divested  it  of  all  metallic  attri- 
butes. An  important  group  of  electro-negative  non-metals — 
fluorine,  chlorine,  bromine,  and  iodine — have  received  the  termi- 
nation ine ;  three  are  distinguished  by  the  terminal  syllable  on, 
viz.  carbon,  silicon,  and  boron ;  and  three  others  have  ffen  for 
their  final  syllable,  viz.  oxygen,  hydrogen,  and  nitrogen,  these 
last  names  being  derived  from  Grreek  words  denoting  the  pro- 
perty possessed  by  these  elements  of  generating  respectively 
acid,  water,  and  nitre. 

When  two  elementary  bodies  unite  together,  they  form  a 
chemical  compound  of  the  first  order,  to  which  the  name 
binary  compound  has  been  applied.  The  names  of  these  com- 
pounds are  formed  from  those  of  their  constituents,  the  name 
of  the  positive  constituent  with  the  terminal  ic,  or  some  abbre- 
viation thereof,  preceding  that  of  the  negative  constituent, 
which  is  made  to  terminate  in  ide,  thus : — 

Potassium  and  Sulphur  form  Potassic  sulphide. 
Sodium       „    Oxygen    „    Sodic  oxide. 
Silver         „   Chlorine   „    Argentic  chloride. 
Zinc  ,,  Iodine      „    Zincic  iodide. 

Calcium      „   Chlorine   „    Calcic  chloride. 

But  the  same  elements  frequently  form  with  each  other  two 
compounds,  in  which  case  the  one  which  contains  the  smaller 
proportion  of  the  negative  element  is  distinguished  by  changing 
the  terminal  syllable  of  the  name  of  its  positive  constituent 
into  ous,  the  terminal  ic  being  retained  for  the  compound  con- 
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taining  the  larger  proportion  of  the  negative  element.  Thus, 

One  atom  of  tin  and  two  atoms  of  chlorine  form  Stannous  chloride. 
One  atom  of  tin  and  four  atoms  of  chlorine  form  Stannic  chloride. 

Sometimes,  however,  the  same  elements  form  with  each  other 
more  than  two  compounds.  In  these  cases  the  prefixes  Jiypo 
and  per  are  employed  as  marks  of  distinction ;  but  their  use  is 
very  rarely  required. 

If  a  binary  compound  contains  oxygen,  and  forms  an  acid 
when  made  to  unite  with  water,  or  a  salt  when  added  to  a  base, 
it  is  termed  an  anhydride  or  anhydrous  acid.  Thus, 

One  atom  of  carbon  and  two  atoms  of  oxygen  form  carbonic  anhydride. 
Two  atoms  of  nitrogen  and  five  atoms  of  oxygen  form  nitric  anhydride. 
Two  atoms  of  nitrogen  and  three  atoms  of  oxygen  form  nitrous  anhydride. 
One  atom  of  sulphur  and  three  atoms  of  oxygen  form  sulphuric  anhydride. 
One  atom  of  sulphur  and  two  atoms  of  oxygen  form  sulphurous  anhydride. 

In  the  following  cases,  the  systematic  names  have  not  dis- 
placed the  trivial  and  irregular  names  used  for  the  same  sub- 
stances : — 

Systematic  name.  Trivial  or  irregular  name. 

Hydric  oxide    Water. 

Hydric  sulphide   Sulphuretted  hydrogen. 

Hydric  selenide    Seleniuretted  hydrogen. 

Hydric  telluride   Telluretted  hydrogen. 

Hydric  chloride    Hydrochloric  acid. 

Hydric  bromide    Hydrobromic  acid. 

Hydric  iodide   Hydriodic  acid. 

Hydric  fluoride    Hydrofluoric  acid. 

Hydric  carbide    f  Marsh-gas  or  light  carburetted 

I  hydrogen. 

Hydric  nitride    Ammonia. 

Hydric  phosphide    Phosphuretted  hydrogen. 

Hydric  arsenide   Arsenuretted  hydrogen. 

Hydric  antimonide    Antimonuretted  hydrogen. 

The  term  acid  was  originally  applied  only  to  substances  pos- 
sessing a  sour  taste  like  vinegar ;  but  analogy  has  necessitated 
the  application  of  the  same  name  to  a  large  number  of  com- 
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pounds  whicli  have  not  this  property.  In  the  modern  accepta- 
tion of  the  name,  an  acid  may  be  defined  as  a  compound  con- 
taining one  or  more  atoms  of  hydrogen,  which  become  displaced 
by  a  metal  when  the  latter  is  presented  to  the  compound  in  the 
form  of  a  hydrate.  The  hydrogen  capable  of  being  so  displaced 
may  be  conveniently  termed  displaceahle  hydrogen.  An  acid 
containing  one  such  atom  of  hydrogen  is  said  to  be  monobasic, 
two  such  atoms  dibasic,  &c.  Acids  of  a  greater  basicity  than 
unity  are  frequently  termed  polyiasic  acids. 

Thus  nitric  acid  gives,  with  sodic  hydrate,  sodic  nitrate : 

NO3H    +    ONaH    =    ^03^    +  OH,. 

Nitric  acid.  Sodic  hydrate.  Sodic  nitrate.  Water. 

Sulphuric  acid  gives,  with  potassic  hydrate,  potassic  sulphate : 
SO,H,    +    20KH    =    SO,K,    +  20H,: 

Sulphviric  acid.     Potassic  hydrate.    Potassic  sulphate.  Water. 

and  hydrochloric  acid  gives,  with  potassic  hydrate,  potassic 
chloride : 

HCl    +    OKH    =     KCl    +  OH,. 

Hydrochloric         Potassic  Potassic  Water, 

acid.  hydrate.  chloride. 

When  an  acid  contains  oxygen,  its  name  is  generally  formed 
by  adding  the  terminal  ic  either  to  the  name  of  the  element 
with  which  the  oxygen  is  united,  or  to  an  abbreviation  of  that 
name ;  thus  sulphur  forms,  with  oxygen,  sulphuric  acid  ;  nitro- 
gen, nitric  acid ;  and  phosphorus,  phosphoric  acid.  But  it 
frequently  happens  that  the  same  element  forms  two  acids 
with  oxygen ;  and  when  this  occurs,  the  acid  containing  the 
larger  amount  of  oxygen  receives  the  terminal  syllable  ic, 
whilst  that  containing  less  oxygen  is  made  to  end  in  ous. 
Thus  we  have  sulphurous  acid,  nitrous  acid,  and  phosphorous 
acid,  each  containing  a  smaller  proportion  of  oxygen  than  that 
necessary  to  form  respectively  sulphuric,  nitric,  and  phosphoric 
acids. 

In  some  instances,  however,  the  same  element  forms  more 
than  two  acids  with  oxygen,  in  which  case  the  two  G-reek  words 
hi/pOj  under,  and  hyper,  over,  are  prefixed  to  the  name  of  the 
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acid.  Thus  an  acid  of  sulphur  containing  less  oxygen  than 
sulphurous  acid  is  termed  hyposulphurous  acid ;  and  another 
acid  of  the  same  element  containing,  in  proportion  to  sulphur, 
more  oxygen  than  sulphurous  acid  and  less  than  sulphuric, 
might  be  named  either  hypersulphurous  acid,  or  hyposulphuric 
acid ;  but  the  latter  term  has  been  universally  adopted.  The 
prefix  per  is  frequently  substituted  for  hyper ;  thus  in  the  case 
of  chlorine,  which  forms  the  following  four  acids  with  oxygen, 
viz.  hypochlorous  acid,  chlorous  acid,  chloric  acid,  and  hyper- 
chloric  acid,  the  latter  is  generally  named  perchloric  acid ;  but 
per  can  only  be  used  as  a  prefix  to  the  acid  containing  the 
largest  proportion  of  oxygen. 

Some  acids  do  not  contain  oxygen  amongst  their  constituents, 
but  consist  of  sulphur  or  hydrogen  united  with  other  elements. 
This  peculiarity  of  composition  is  expressed  in  their  nomen- 
clature by  the  prefixes  sulpJio  or  sulpJi,  and  hydro  or  hyd/r  :  thus 
sulpharsenic  acid  and  sulphostannic  acid  denote  acids  composed 
respectively  of  sulphur,  hydrogen,  and  arsenic,  and  sulphur,  hy- 
drogen, and  tin ;  whilst  the  names  hydrochloric  acid  and  hydri- 
odic  acid  are  given  to  acids  composed,  the  first  of  hydrogen 
and  chlorine,  and  the  second  of  hydrogen  and  iodine.  The 
terminals  ous  and  ic  are  also  applied  to  these  acids  in  exactly 
the  same  manner  as  to  the  oxygen  acids :  thus  we  have  sulph- 
arsenious  and  sulpharsenic  acid,  the  latter  containing  a 
larger  proportion  of  sulphur  than  the  former ;  but  the  appli- 
cation of  the  second  of  these  terminals  has  not  hitherto  been 
found  necessary  in  the  case  of  hydrogen  acids,  since  no  ele- 
ment has  yet  been  observed  to  form  more  than  one  acid  with 
hydrogen. 

The  term  anhydride  or  anhydrous  acid  is  applied  to  the  residue 
obtained  by  the  abstraction  of  water  from  one  or  two  molecules 
of  an  oxygen  acid.  Thus, 

SO,H,    -    OH,    =  SO3: 

Sulphuric  acid.  Water.     Sulphuric  anhydride. 

2NO3H    -    OH,    =  Isfl,. 

Nitric  acid.  Water.       Mtric  anhydride. 
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The  term  hase  is  applied  to  three  classes  of  compounds,  all  of 
which  are  converted  into  salts  b  j  the  action  of  acids.  These  are — 

1st.  Certain  compounds  of  metals  with  oxygen,  such  as  sodic 
oxide  (Na20),  zincic  oxide  (ZnO),  &c. 

2nd.  Certain  compounds  of  metals  with  the  compound  radical 
hydroxyl  (HO),  such  as  sodic  hydrate  (OHNa  or  Na(HO)), 
zmcic  hydrate  (Zn(HO)  J,  &c. 

3rd.  Certain  compounds  of  nitrogen,  phosphorus,  arsenic, 
and  antimony,  such  as  ammonia  (JSTHg). 

There  are  also  some  organic  compounds  to  which  the  name 
base  is  sometimes  given,  but  which  are  not  included  in  the 
above  classes ;  it  is,  however,  unnecessary  further  to  allude  to 
them  here. 

The  bases  of  the  first  class  are  named  in  accordance  with 
the  rules  already  given  for  compounds  of  two  elements.  The 
following  bases,  however,  still  retain  their  irregular  names  : — 

Systematic  names.  Irregular  names. 

1  Baric  oxide    Baryta. 

Strontic  oxide    Strontia. 

Calcic  oxide   Lime. 

Magnesic  oxide    Magnesia. 

Aluminic  oxide   Alumina. 

Grlucinic  oxide   Grlucina. 

Zirconic  oxide    Zirconia. 

The  names  of  the  bases  belonging  to  the  second  class  are 
formed  by  changing  the  terminal  syllable  of  the  metal  into  ic 
or  ous,  and  the  word  hydroxyl  into  hydrate.  Thus  caesium  and 
hydroxyl  form  csesic  hydrate  (Cs(HO))  ;  barium  and  hydroxyl, 
baric  hydrate,  (Ba  ;  and  iron  and  hydroxyl,  ferric  hy- 

drate (Fe,(H0)3). 

A  few  of  these  bases  have  trivial  or  irregular  names,  which 
are  almost  invariably  used  instead  of  the  systematic  names : — 
Systematic  names.  Irregular  names. 

Potassic  hydrate    Potash. 

Sodic  hydrate   Soda. 

Lithic  hydrate    Lithia. 
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The  bases  of  the  third  class  are  distinguished  by  the  terminal 
syllable  ine,  except  nitrine,  (NII3),  which  retains  its  trivial 
name  ammonia.  These  bases  belong  almost  exclusively  to  the 
department  of  organic  chemistry,  and  their  nomenclature  could 
not  be  advantageously  discussed  here. 

It  has  been  already  mentioned  that  by  the  mutual  action  of 
an  acid  and  a  base  upon  each  other,  a  salt  is  produced.  If  the 
salt  be  free  from  oxygen  and  sulphur,  like  common  salt,  (I^aCl), 
it  is  termed  a  haloid  salt ;  if  it  contain  oxygen  it  is  termed  an 
oxysalt ;  and  if  this  oxygen  be  replaced  by  sulphur,  it  is  distin- 
tinguished  as  a  sulpTiosalt. 

The  haloid  salts  are  named  according  to  the  rules  for  binary 
compounds  above  given,  thus  : 

Name.  Formula. 

Sodic  chloride    NaCl. 

Calcic  iodide   Cal^. 

Ferrous  bromide    reBr2. 

Perric  bromide   ECgBrg. 

Oxysalts  are  divided  into  normal,  acid,  and  hasic. 

A  normal  salt  is  one  in  wJiich  the  displaceahle  hydrogen  of  the 
acid  (see  page  9)  is  all  exchanged  for  an  equivalent  amount  of 
a  metal  or  of  a  positive  compound  radical. 

The  following  examples  will  serve  to  illustrate  this  definition 
of  a  normal,  or  as  it  is  sometimes  incorrectly  called,  a  neutral 
salt,  the  displaceable  atoms  of  hydrogen  in  the  acid,  and  the 
metal  by  which  they  have  been  displaced  in  the  salt,  being 
printed  in  italics  : — 

Acid.  Normal  salt. 

Nitric  acid                    NO  ^        ( ^^^^^  ^^3^^- 
^'^"^'^  ^^'^    ^  ^  1  Calcic  nitrate   (EO.^Ca". 

Sulphuric  acid    SO,^,  f  Potassic  sulphate   SOX- 

I  Calcic  sulphate  SO^Ca". 

.                            TT         /  Potassic  phosphate  ...  PO.iT,. 
Phosphoric  acid    VO,H,  j  Calcic  phosphate   {VO,\Ca,". 

Hypophosphoroufl  acid ..  POgEC^^T  ...    Sodic  hypophosphite  . .  VO^^Na. 
Phosphorous  acid   POgH^g  ...    Potassic  phosphite  ...  POjHZj. 
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Acid. 

Metaphosphoric  acid  . 
Pyrophosphoric  acid  . 

Nordhausen  sulphuric 
acid  


Normal  salt. 
POo^   Litliic  metaphosphate .  VOr^Li. 


Calcic  pyrophosphate ..  V.f)^Ca.^ 


Sodic  bisulphate  <  O 


SOgiVa 


Unknown  acid  \  O 


CrOgZf 


r  CrOg^C 
Potassic  bichromate  ■  \  O 

[  CvO,K 


An  acid  salt  is  one  in  wJiicTi  the  displaceahle  hydrogen  of  the 
acid  is  only  partially  exchanged  for  a  metal  or  positive  compound 
radical. 

The  following  examples  illustrate  the  constitution  and  nomen- 
clature of  these  salts : — 


Acid. 

Sulphuric  acid  . . 
Carbonic  acid   . . . 

Phosphoric  acid.. 


COg^,? 


Acid  salt. 

Hydric  sodic  sulphate    SO^HNa. 

Hydric  potassic  carbonate. .  CO.^HK. 

{Hydric  disodic  phosphate. .  'PO^HNa.^. 
Dihydric  sodic  phosphate...  VO^K^Na. 
Microcosmic  salt    'PO^H{NH{)Na. 

(Hydric  ammonic  sodic  phosphate.) 


Acid  salts  are  produced  almost  exclusively  from  polybasic 
acids. 

When  the  number  ofhonds*  of  the  metal  or  compound  positive 
radical  contained  in  a  salt  exceeds  the  number  of  atoms  of  displace- 
able  hydrogen  in  the  acid,  the  compound  is  usually  termed  a  basic 
salt — as,  for  instance, 

Acid.  Basic  salt. 

Carbonic  acid   CO.H.A'^f^^^   CO,H,C<'. 

L  Blue  cupric  carbonate    CJd^^Cu^". 

_  ,  ,     .  ■    «^  T-r  r  Tribasic  cupric  sulphate   ^OJl.Cu''. 

Sulphunc«.d    ^^A{r^-^,a,Jn..^\  SO^;,". 

These  and  most,  if  not  all,  other  basic  salts  do  not  differ 
essentially  in  their  constitution  from  the  normal  and  acid  salts. 
This  will  be-  seen  from  the  arrangement  of  their  atoms  given 
under  the  different  metals  entering  into  their  composition. 

*  For  an  explanation  of  this  term  see  Chap.  III.  p.  18. 


14  CHEMICAL  NOTATION. 

The  nomenclature  of  organic  bodies  is  founded  upon  the 
same  principles  as  that  of  inorganic  compounds  ;  but  its  discus- 
sion could  not  be  conveniently  introduced  here. 


CHAPTER  III. 

CHEMICAL  NOTATION. 

Symbolic  Notation. — Every  element  is  represented  by  a 
symbol,  which  is  frequently  the  initial  letter  of  the  name 
of  the  element ;  but  as  in  some  cases  the  names  of  two  or 
more  elements  begin  with  the  same  letter,  it  is  necessary  to 
distinguish  them  by  the  use  of  a  second  letter  in  small  type, 
which  is  either  the  second  letter  of  the  word,  or  some  other 
letter  prominently  heard  in  its  pronunciation;  thus  carbon, 
cadmium,  cobalt,  and  cerium  all  begin  with  the  same  letter  ; 
but  they  are  distinguished  by  the  symbols  C,  Cd,  Co,  and  Ce. 
In  the  use  of  the  single  letters,  the  non-metallic  elements  have 
the  preference ;  thus  oxygen,  hydrogen,  nitrogen,  sulphur,  phos- 
phorus, boron,  carbon,  iodine,  and  fluorine  are  expressed  by  the 
single  letters  O,  H,  N,  S,  P,  B,  C,  I,  and  E  ;  whilst  the  metals 
osmium,  mercury,  nickel,  strontium,  platinum,  bismuth,  cobalt, 
iridium,  and  iron  are  symbolized  by  two  letters  each ;  thus  Os, 
Hg  (hydrargyrum),  Ni,  Pt,  Bi,  Co,  Ir,  and  Ee  (ferrum).  In 
the  selection  of  the  single  letter  for  other  cases,  preference  is 
given  to  the  most  important  element ;  thus  sulphur,  selenium, 
and  silicon  are  all  non-metallic  elements,  beginning  with  the 
same  letter,  but  sulphur  being  the  most  important,  the  single 
letter  S  is  assigned  to  it ;  whilst  selenium  and  silicon  are  de- 
noted respectively  by  Se  and  Si. 

The  symbols  of  compounds  are  formed  by  the  simple  juxta- 
position of  the  symbols  of  their  constituent  elements.  Such  a 
group  of  two  or  more  symbols  is  termed  a  chemical  formula. 
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Thus: 

Argentic  chloride    AgCl. 

Zincic  oxide    ZnO. 


The  symbols  not  only  represent  the  elements  for  which  they 
are  used,  but  they  also  denote  a  certain  definite  proportion  by 
weight  of  each  element ;  the  formula  HCl,  for  instance,  does 
not  merely  denote  a  compound  of  hydrogen  and  chlorine,  but 
it  signifies  a  molecule  of  that  compound  containing  one  atom 
(1  part  by  weight)  of  hydrogen,  and  one  atom  (35 "5  parts  by 
weight)  of  chlorine.  When,  therefore,  the  molecule  of  a  com- 
pound contains  more  than  one  atom  or  combining  proportion 
of  any  element,  it  is  necessary  to  express  such  fact  in  the  for- 
mula :  this  is  done  by  the  use  of  a  coefficient  placed  after  the 


symbol  of  the  element : 

Zincic  chloride    ZnCl2. 

Perric  chloride   Fe^Clg. 

i  Stannous  chloride   SnCl^. 

Stannic  chloride    SnCl^. 


When  it  is  necessary  to  denote  two  or  more  molecules  of 
any  compound,  a  large  figure  is  placed  before  the  formula  of 
the  compound ;  such  a  figure  then  afi"ects  every  symbol  in  that 
formula :  thus  SSO^H^  means  three  molecules  of  the  compound 
SO,H,. 

The  changes  which  occur  during  chemical  action  are  expressed 
by  equations,  in  which  the  symbols  of  the  elements  or  compounds, 
as  they  exist  before  the  change,  are  placed  on  the  left,  and 
those  which  result  from  the  reaction  on  the  right.  Thus,  taking 
an  example  from  each  of  the  five  kinds  of  chemical  action 
above  mentioned,  we  have 

(1)  Zn    -f    CI,    =  ZnCl,. 

Zinc.  Chlorine.      Zincic  chloride. 

(2)  .      2HC1    +    Na,    =    2mCl    +  H,. 

Hydrochloric  acid.    Sodium.         Sodic  chloride.  Hydrogen. 

(3)  SO.Cu  -f   (N03),Ba  =  SO^Ea  -f  (N03),Cu. 

Cupric  sulphate.       Baric  nitrate.        Baric  sulphate.        Cupric  nitrate. 
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(4)  (CN)O(NHJ    =  N,H,(CO). 

Ammonic  cyanate.  Urea. 

(5)  20H,    =    0,    +  2H,. 

Water.  Oxygen.  Hydrogen. 

The  sign  +,  as  seen  from  tlie  foregoing  examples,  is  placed 
between  the  formulae  of  the  molecules  of  the  different  substances 
which  are  brought  into  contact  before  the  reaction,  and  of 
those  which  result  from  the  change.  This  sign  must  never  be 
used  to  connect  together  the  constituents  of  one  and  the  same 
chemical  compound. 

The  sign  —  is  only  very  rarely  used  in  chemical  notation, 
but  when  employed  it  has  the  ordinary  signification  of  abs- 
traction; thus, 

SO,H,    -     H,0    =  SO3. 

Sulphuric  acid.  Water.     Sulphuric  anhydride. 

Use  of  the  hraoket. — The  bracket  has  been  employed  in 
various  senses  in  chemical  formulae ;  but  in  the  following  pages 
it  is  used  in  notation  for  one  purpose  only,  viz.  for  expressing 
chemical  combination  between  two  or  more  elements  which 
are  placed  perpendicularly  with  regard  to  each  other  and  next 
to  the  bracket  in  a  formula.    Thus  in  the  following  cases, 


I.                       II.  III. 

J  CH3            r  CH3  coo  ] 

t  CH3                 ^  O  Ba  I 

[CH3  COO  J 


the  formula  No.  I.  signifies  that  two  atoms  of  carbon  are 
directly  united  with  each  other.  No.  II.  that  two  atoms  of  car- 
bon are  linked,  as  it  Avere,  together  by  an  atom  of  oxygen,  the 
latter  being  united  to  both  carbon  atoms,  whilst  in  like  manner 
No.  III.  expresses  the  fact  that  one  atom  of  oxygen  in  the  for- 
mula of  the  upper  line  is  linked  to  another  atom  of  oxygen  in 
the  formula  of  the  lower  line,  by  an  atom  of  barium. 

TIse  of  thick  letters. — As  a  rule,  the  formulae  in  this  book  are 
so  written  as  to  denote  that  the  element  represented  by  the 
first  symbol  of  a  formula  is  directly  united  with  all  the  active 
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bonds  of  the  other  elements  or  compound  radicals  following 
upon  the  same  line :  thus  the  formula  SO2H02  (sulphuric  acid) 
signifies  that  the  hexad  atom  of  sulphur  is  combined  with  the 
four  bonds  of  the  two  atoms  of  oxygen,  and  also  with  the  two 
bonds  of  the  two  atoms  of  hydroxyl.  Such  a  formula  is  termed 
rational  formula^. 

Occasionally,  however,  owing  to  the  atomic  arrangement  of 
a  compound  not  being  known,  its  formula  cannot  be  written 
according  to  this  rule ;  and  in  order  to  prevent  such  more  or 
less  empirical  formulcB  from  being  mistaken  for  rational  for- 
mulae, the  first  symbol  of  a  rational  formula  will  always  be 
printed  in  thick  type  whenever  the  element  has  more  than  one 
bond.  It  deserves  also  to  be  mentioned  that,  as  a  rule,  the  ele- 
ment having  the  greatest  number  of  bonds  will  occupy  this 
prominent  position.  Thus, 

Sulphuric  acid   SOgHog. 

Water    OH,. 

Mtricacid   NO^Ho. 

Microcosmic  salt   POHoAmoNao. 

Atomicity  or  elements. — It  has  been  already  stated  that 
the  atomic  weight  of  an  element  is  the  smallest  proportion 
by  weight  in  which  that  element  enters  into  or  is  expelled 
from  a  chemical  compound.  The  atoms  of  the  various  ele- 
ments, the  relative  weights  of  which  are  thus  expressed, 
exhibit  very  difierent  values  in  chemical  reactions.  Thus  an 
atom  of  zinc  is  equivalent  to  two  atoms  of  hydrogen  ;  for  when 
zinc  is  brought  into  contact  with  steam  at  a  high  tempera- 
ture, one  atom  of  zinc  expels  from  the  steam  two  atoms  of 
hydrogen  and  occupies  their  place — thus, 

OH,    +    Zn    =    OZn    +  H,. 

Water.  Zineic  oxide. 

Again,  when  zineic  oxide  is  brought  into  contact  with  hydro- 
chloric acid,  the  place  of  the  zinc  becomes  once  more  occupied 

*  For  further  information  on  this  subject  see  Atomicity  of  Elements 
below. 
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by  hydrogen,  but  two  atoms  of  hydrogen  are  found  to  be  neces- 
sary to  take  the  place  of  one  atom  of  zinc : 

OZn      +      2HC1     =     ZnCl^     +  OH,. 

Zincic  oxide.      Hydrochloric  acid.      Zincic  chloride.  Water. 

In  like  manner  one  atom  of  boron  can  be  substituted  for 
three  atoms  of  hydrogen,  one  atom  of  carbon  for  four,  one  of 
nitrogen  for  five,  and  one  atom  of  sulphur  for  no  less  than  six 
atoms  of  hydrogen. 

To  give  a  concrete  expression  to  these  facts,  the  atom  of 
hydrogen  may  be  represented  as  having  only  one  point  of 
attachment  or  hond  by  which  it  can  be  united  with  any  other 
element,  zinc  as  having  two  such  bonds,  boron  three,  and  so 
on.  Thus  the  atoms  of  these  elements  may  be  graphically 
represented  in  the  following  manner : — 

Hydrogen   

Zinc   


Boron  

Carbon 

Nitrogen. 
Sulphur  , 


In  symbolic  notation,  the  same  idea  is  conveyed  by  the  use 
of  dashes  and  Eoman  numerals  placed  above  and  to  the  right 
of  the  symbol  of  the  element ;  thus, 

Hydrogen   IT,  Carbon   C^ 

Zinc    Zn",         Nitrogen   N\ 

Boron    B'",  Sulphur    S^\ 

No  element,  either  alone  or  in  combination,  can  exist  with 
any  of  its  bonds  disconnected  ;  hence  the  molecules  of  all  ele- 
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ments  with  an  odd  number  of  bonds  are  generally  diatomic,  and 
always  polyatomic ;  that  is,  they  contain  two  or  more  atoms  of 
the  element  united  together.  Thus, 

Symbolic.  Graphic. 
Hydrogen     (h) — (h) 

Chlorine    Cl^   ©— © 

Nitrogen    

©=®  * 

Phosphorus    P 


V 

•  4 


0=0 

An  element  with  an  even  number  of  bonds  can  exist  as  a 
monatomic  molecule,  its  own  bonds  satisfying  each  other. 
Thus, 

SymboHc.  Graphic. 


Mercury    Hg"    C  3 


Cadmium   Cd"   


Zinc   Zn"    Q^-^ 

It  is  nevertheless  obvious  that  such  an  element  may  also 
exist  as  a  polyatomic  molecule.  Oxygen  furnishes  us  with  an 
example  of  this  ;  for,  in  its  ordinary  condition  it  is  a  diatomic 
molecule,  and  in  the  allotropic  form  of  ozone,  a  triatomic 
molecule : 

Symbolic.  Graphic. 
Oxygen    O^'   (o)=Q 

Ozone   O"   \  / 

© 

This  combining  value  of  the  elementary  atoms  is  usually 
termed  their  atomicity  or  atom-fixing  power.    An  element  with 
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one  bond  is  termed  a  monad,  with  two  bonds  a  dyad,  with  three 
a  triad,  with  four  a  tetrad,  with  five  a  pentad,  and  with  six  a 
Jiexad.  Elements  with  an  odd  number  of  bonds  are  termed 
perissads,  whilst  those  with  an  even  number  are  named  artiads. 

In  order  to  avoid  the  unnecessary  use  of  atomicity -marks  in 
symbolic  notation,  I  shall  never  attach  them  to  a  monad  or  to 
oxygen,  which,  it  must  be  remembered,  is  always  a  dyad.  Neither 
will  the  atomicity-coefficient  be  attached  to  the  tetrad  element 
carbon,  in  the  formulae  of  organic  bodies,  unless  this  element 
play's  the  part  of  a  dyad — an  occurrence  of  extreme  rarity. 
When  not  otherwise  marked,  therefore,  carbon  must  always  be 
understood  to  be  a  tetrad. 

It  will  also,  as  a  rule,  be  unnecessary  to  mark  the  atomicity 
of  the  elements  which  are  expressed  by  symbols  in  thick  type, 
because  their  atomicity  is  clearly  indicated  by  the  sum  of  the 
atomicities  of  the  elements  or  compound  radicals  placed  to  their 
right,  or  connected  with  them  perpendicularly  by  a  bracket. 
Thus  in  the  formula 

JCCI3 
1 CCI3' 

each  atom  of  carbon  is  united  with  three  atoms  of  the  monad 
chlorine,  whilst  the  bracket  indicates  that  the  two  atoms  of 
carbon  are  also  united,  thus  stamping  C  as  a  tetrad  element. 

Prom  what  has  just  been  said  with  regard  to  carbon,  it  is 
evident  that  the  atomicity  of  an  element  is,  apparently  at  least, 
not  a  fixed  and  invariable  quantity :  thus  nitrogen  is  sometimes 
equivalent  to  five  atoms  of  hydrogen,  as  in  ammonic  chloride, 
(N^H^Cl),  sometimes  to  three  atoms,  as  in  ammonia  (]Sr"'H3), 
and  sometimes  to  only  one  atom,  as  in  nitrous  oxide  (N^O). 
But  it  is  found  that  this  variation  in  atomicity  always  takes 
place  by  the  disappearance  or  development  of  an  even  number 
of  bonds :  thus  nitrogen  is  either  a  pentad,  a  triad,  or  a  monad; 
phosphorus  and  arsenic,  either  pentads  or  triads ;  carbon  and 
tin,  either  tetrads  or  dyads ;  and  sulphur,  selenium,  and  tellu- 
rium, either  hexads,  tetrads,  or  dyads. 

These  remarkable  facts  can  be  explained  by  a  very  simple 
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and  obvious  assumption,  viz.  that  one  or  more  pairs  of  bonds  he- 
longing  to  one  atom  of  the  same  element  can  unite  and,  having 
saturated  each  other,  become,  as  it  were,  latent.  Thus  the  pentad 
nitrogen  becomes  a  triad  when  one  pair  of  its  bonds  becomes 
latent,  and  a  monad  when  two  pairs,  by  combination  with  each 
other,  are,  in  like  manner,  rendered  latent, — conditions  which 
may  be  graphically  represented  thus : — 

Pentad.  Triad.  Monad. 

■0^ 


—  N  )— 


o  u 

And  in  the  case  of  sulphur : 

Hexad.  Tetrad.  Dyad. 

•  >^  -S- 

/  \  o  u 

Adopting  this  hypothesis,  it  will  be  convenient  to  distinguish 
the  maximum  number  of  bonds  of  an  element  as  its  absolute 
atomicity^  the  number  of  bonds  united  together  as  its  latent 
atomicity,  and  the  number  of  bonds  actually  engaged  in  linking 
it  with  the  other  elements  of  a  compound  as  its  active  atomicity. 
The  sum  of  the  active  and  latent  atomicity  of  any  element  must 
evidently  always  be  equal  to  the  absolute  atomicity.  Thus  in 
sulphuric  acid  (S'^'O^HOg)  the  absolute  and  active  atomicities 
are  both  =ti,  therefore  the  latent  atomicity  =0.  In  sulphu- 
rous acid  ("S'^OHOg)  the  active  atomicity  =iv,  and  conse- 
quently the  latent  =yi— iv=ii ;  whilst  in  sulphuretted  hydro- 
gen (^^S"H2)  the  active  and  latent  atomicities  are  respectively 
II  and  IV. 

The  apparent  exceptions  to  this  hypothesis  disappear  on 
investigation :  thus  iron,  which  is  a  dyad  in  ferrous  compounds 
(as  FeCy,  a  tetrad  in  cubical  pyrites  (FeSg"),  and  a  hexad 
in  ferric  acid  (YeOJ^o^,  is  apparently  a  triad  in  ferric  chlo- 
ride (FeClg)  but  the  vapour-density  of  ferric  chloride  shows 
that  its  formula  must  be  doubled — that,  in  fact,  the  two  atoms 
of  the  hypothetical  molecule  of  iron  (Feg)  have  not  been  com- 
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pletely  separated.  The  formulae  of  the  ferrous  and  ferric 
chlorides  and  of  ferric  acid  then  become 

Symbolic.  Graphic. 

n 

Ferrous  chloride, .  ^Te'Vi^.  ®~©~® 


Ferric  chloride  ...  "'Fe'",Cle. 

® 

Ferric  acid    Fe^^O.Ho,.  ®-®-©-(o)-® 

(0) 

Again,  mercury  is  apparently  a  monad  in  mercurous  chlo- 
ride (calomel,  HgCl)  and  a  dyad  in  mercuric  chloride  (cor- 
rosive sublimate,  Hg"Cl2);  but  there  are  strong  reasons  for 
believing  that  the  formula  of  calomel  ought  to  be  doubled,  in 
which  case  mercury  would  assume  the  dyad  form  in  both  com- 
pounds ; 

Mercurous  chloride  ...  'Hg'^Clg.  g)--(g)_(g}_(c?) 
Mercuric  chloride           Hg"Cl2.  (cj)_(g)_Q 

It  will  be  remarked  that  the  number  of  bonds  supposed  to 
be  combined  with  each  other  in  the  atom  of  iron  in  ferrous 
chloride  is  expressed  in  the  above  symbol  by  the  atomicity 
numeral  iv  placed  to  the  left  of  the  symbol,  whilst  the  analo- 
gous union  of  three  bonds  of  each  atom  of  iron  in  ferric  chlo- 
ride is  expressed  by  the  three  dashes'"  to  the  left  of  the  symbol 
Fe^.  I  shall  not,  however,  use  these  coefficients  of  latent  ato- 
micity in  the  case  of  the  single  atom  of  an  element,  the  student 
being  supposed  to  have  made  himself  acquainted  with  the  abso- 
lute atomicity  of  every  element  as  expressed  in  the  Table  at 
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page  32.  For  a  similar  reason,  it  will  also  rarely  be  necessary 
to  express  tlie  same  idea  in  graphic  notation :  thus,  for  instance, 
ammonia  will  be  drawn 


It  will  be  necessary,  however,  to  employ  these  coefficients  in 
symbolic  formulae,  where  two  or  more  atoms  of  the  same  ele- 
ment are  joined  together  under  such  circumstances,  that  the 
number  of  bonds  smiting  them  cannot  be  found  by  subtracting 
the  coefficient  of  active  atomicity  from  the  absolute  atomicity 
of  the  element ;  as  in  hydric  persulphide  ('S'^HJ,  for  instance, 
w^hich  might  otherwise  be  viewed  as  '"S'^Hg,  or  "^S'^Hg. 

In  rare  cases,  in  which  oxygen  links  together  two  elements 
or  radicals  in  the  same  line,  a  hyphen  is  placed  before  and 
after  the  symbol  0,  thus  : — 

rCH,-0-CMeO 
jCH^-O-CMeO* 

Diaeetic  glycol. 

Graphic  Notation. — This  mode  of  notation,  although  far 
too  cumbrous  for  general  use,  is  invaluable  for  clearly  showing 
the  arrangement  of  the  individual  atoms  of  a  chemical  com- 
pound. It  is  true  that  it  expresses  nothing  more  than  the 
symbolic  notation  of  the  same  compound,  if  the  latter  be  written 
and  understood  as  above  described ;  nevertheless  the  graphic 
form  affords  most  important  assistance,  both  in  fixing  upon  the 
mind  the  true  meaning  of  symbolic  formulae,  and  also  in  making 
comparatively  easy  of  comprehension  the  internal  arrangement 
of  the  very  complex  molecules  frequently  met  with  both  in 
mineral  and  organic  compounds.  It  is  also  of  especial  value  in 
rendering  evident  the  causes  of  isomerism  in  organic  bodies. 
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Grraphic  notation,  like  the  above  method  of  symbolic  notation, 
is  founded  almost  entirely  upon  the  doctrine  of  atomicity,  and 
consists  in  representing,  graphically,  the  mode  in  which  every 
bond  in  a  chemical  compound  is  disposed  of.  Inasmuch,  however, 
as  the  principles  involved  are  precisely  the  same  as  those  already 
described  under  the  heads  of  symbolic  notation  and  atomicity 
OF  elements,  it  is  unnecessary  here  to  do  more  than  give  the 
following  comparative  examples  of  symbolic  and  graphic  for- 
mulae : — 


Symbohc. 

Water   OH,. 


Nitric  acid   NO,  Ho. 


Ammonic  chloride    NH.Cl. 


Graphic. 

0-0-® 

©-©-© 

II 

© 

© 
0-0-0 

©  © 

(!)=© 

®-®-S-©-© 
© 

Carbonic  anhydride   CO^.  0=0=0 

Potasaic  carbonate    COKOa.  ©H0-0-0-© 


Sulphuric  anhydride    SO3. 


Sulphuric  acid   SOgHog. 
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Marsh-gas   CH^. 


Symbolic.  Graphic. 

© 


©  0  0  0 

\  /  \  / 

Ammonic  carbonate.COAmo^.  (5H3-{2H5}~®~(E)~® 

I  II  I 

©        ©  © 

N0,0  ]  Y 
Zincic  nitrate    . . .         Zn"  >  .  W—(°)—^^y-(o)-C^ 

NOfi  J         V  ^  Tl 
©  © 

It  must  be  carefully  borne  in  mind  that  these  graphic  for- 
mulae are  intended  to  represent  neither  the  shape  of  the  mole- 
cules, nor  the  relative  position  of  the  constituent  atoms.  The 
lines  connecting  the  different  atoms  of  a  compound,  and  which 
might  with  equal  propriety  be  drawn  in  any  other  direction, 
provided  they  connected  together  the  same  elements,  serve 
only  to  show  the  definite  disposal  of  the  bonds :  thus  the  for- 
mula for  nitric  acid  indicates  that  two  of  the 
three  constituent  atoms  of  oxygen  are  com-  Yi 
bined  with  nitrogen  alone,  and  are  conse-  ©"©""(E) 
quently  united  to  that  element  by  both  their  J-L 
bonds,  whilst  the  third  oxygen  atom  is  com-  ^ 
bined  both  with  nitrogen  and  hydrogen. 

The  lines  connecting  the  different  atoms  of  a  compound  are 
but  crude  symbols  of  the  bonds  of  union  between  them  ;  and  it 
is  scarcely  necessary  to  remark  that  no  such  material  con- 
nexions exist,  the  bonds  which  actually  hold  together  the  atoms 
of  a  compound  being  in  all  probability,  as  regards  their  nature, 
much  more  like  those  which  connect  the  members  of  our  solar 
system. 

It  may  also  be  here  mentioned  that  graphic,  like  symbolic 
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formulae,  are  pUrely  statical  representations  of  chemical  com- 
pounds, they  take  no  cognizance  of  the  amount  of  potential 
energy  associated  with  the  different  elements.  Thus  in  the 
formulae  for  marsh- gas  and  carbonic  anhydride, 

©-'4^  ©=©=© 

Marsh-gas.  Carbonic  anhydride. 

there  is  no  indication  that  the  molecule  of  the  first  compound 
contains  a  vast  store  of  force,  whilst  the  last  is  comparatively 
a  powerless  molecule. 


CHAPTER  IV. 

COMPOUND  EADICALS. 

The  term  compound  radical  may  be  applied  to  any  group  of 
two  or  more  atoms,  which  takes  the  place  and  performs  the 
functions  of  an  element  in  a  chemical  compound.  In  practice, 
however,  it  is  only  applied  to  any  such  group  when  the  latter 
is  met  with  in  numerous  chemical  compounds. 

An  element  is  a  simple  radical,  and  enters  into  combination 
in  the  following  manner,  h,  c,  and  d  being  monad  elements, 
a"  a  dyad,      a  triad,  and      a  tetrad  element : — 

a  +  h=ah, 
a"  -{-2h  =  a"h^, 
a"'  +  db=a"%, 
&c.  &c. 

A  group  of  elements  replacing  a,      or  a'"  in  the  above  equa 
tions  is  a  compound  radical,  as  in  the  following  examples. 
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(a"h)  +  h=(a"h)h, 

la"'b)"  +2h=(a"'by\, 

(a"'hG)  +  h—{a"bG)h, 

Id'^b)'"  -\-^b  =  {aH)"% 

laHc)"  +2b=(d''bcy\ 

(oTbcd)  +  b={aHcd)b. 

The  group  of  elements  (cd'b)  constitutes  a  compound  monad 
radical  equivalent  to  one  atom  of  hydrogen  or  chlorine.  The 
group  (a"'by'  is  a  compound  dyad  radical,  &c.  It  is  there- 
fore evident  that  a  poly  ad  element  is  essential  to  every  com- 
pound radical ;  in  fact  a  compound  radical  consists  of  one  or 
more  atoms  of  a  poly  ad  element  in  which  one  or  more  bonds  are 
misatisfied;  and  it  is  either  a  monad,  dyad,  triad,  Sfc.  radical,  ac- 
cording to  the  number  of  monad  atoms  required  to  satisfy  its 
active  atomicity.  Such  a  radical,  when  a  monad,  triad,  or  pentad, 
cannot  exist  as  a  separate  atom ;  like  hydrogen  or  nitrogen, 
when  isolated,  it  combines  with  itself,  forming  a  diatomic  mole- 
cule. It  is  only  by  the  union  of  two  atoms  that  the  vacated 
bonds  can  in  these  cases  be  satisfied. 

Erom  the  above  definition  of  a  compound  radical,  it  is  evi- 
dent that  an  almost  infinite  number  of  such  bodies  must  exist ; 
for  in  the  compounds  of  every  polyad  element  it  is  only  neces- 
sary to  vacate  successive  bonds  to  create  each  time  a  new  com- 
pound radical.  Thus  marsh-gas  (CH^)  minus  one  atom  of 
hydrogen  gives  the  compound  radical  methyl  (CH3);  minus  two 
atoms  of  hydrogen,  it  forms  methylene  (CHg)",  and  by  the 
abstraction  of  three  hydrogen  atoms  it  is  transformed  into  the 
triad  radical  formyl  (CH)'";  but,  except  in  a  few  cases,  it  is 
not  advantageous  thus  to  incorporate,  as  it  were,  compound 
radicals,  which,  instead  of  simplifying  notation  and  nomencla- 
ture, would,  if  thus  multiplied,  only  embarrass  them.  No 
compound  radical,  therefore,  ought  to  receive  a  recognition  as 
such  unless  it  can  be  shown  to  enter  into  the  composition  of  a 
large  number  of  compounds. 

The  following  are  the  names  and  formulae  of  the  chief  inor- 

c  2 
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ganic  compound  radicals  recognized  in  the  notation  of  this 
book : — 


Molecular  formulse. 

Atomic  formulae. 

Abbreviated 
atomic  formula. 

Hydroxy  1 

  (HO), 

HO 

Ho. 

Hydrosulphyl 

....  (HS), 

HS 

Hs. 

Ammonium 

....  (NH.), 

NH, 

Am 

Ammonoxyl 

....  (NH,0), 

NH,0 

Amo. 

Amidogen 

....  (NH,), 

NH, 

Ad. 

In  addition  to  these,  certain  compounds  which  metals  form 
with  oxygen  are  also  regarded  as  compound  radicals — for 
instance, 

Molecular  Atomic  Abbreviated 

formulae.  formulae.     atomic  formulae. 

Potassoxyl   (KO),  KO  Ko. 

Zincoxyl    (ZnOJ        i  Zn"  Zno". 

[o 

The  essential  character  of  these  last  compound  radicals  is 
that  the  whole  of  the  oxygen  they  contain  is  united  with  the 
metal  by  one  bond  only  of  each  oxygen  atom,  as  seen  in  the 
following  graphic  formulae : — 

Hydroxyl    _0_0 

Potassoxyl   

Zincoxyl   

The  metal  thus  becomes  linked  to  other  elements  by  these- 
dyad  atoms  of  oxygen.  The  functions  of  such  compound  radicals 
will  be  sufficiently  evident  from  the  following  examples  ot 
compounds  into  which  they  enter,  and  in  which  their  position 
is  marked  by  dotted  lines. 

© 

II 

Nitric  acid    ^s) 
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Potassic  sulphate 


Baric  nitrate 


Zincic  sulphate 


It  is  not  necessary  to  dignify  all  these  metallic  compound 
radicals  with  names  ;  the  chief  point  of  importance  about  them 
is  their  abbreviated  notation,  in  which  the  small  letter  o  is 
attached  to  the  symbol  of  the  metal,  the  atomicity  of  the  radical 
being  marked  in  the  usual  manner.  It  must  be  borne  in  mind 
that  the  number  of  atoms  of  oxygen  in  any  radical  of  this  class 
depends  upon  its  atomicity :  thus  a  monad  contains  only  one 
atom  of  oxygen,  a  dyad  two,  and  a  triad  always  three  atoms  of 
oxygen.  The  use  of  any  but  monad  and  dyad  metallic  compound 
radicals  is  very  rare. 


30  ATOMIC  AND  MOLECULAR  COMBINATION. 


CHAPTER  V. 

ATOMIC  AND  MOLECULAE  COMBINATION. 

In  all  the  cases  of  clieniical  combination  considered  in  the 
above  Chapters,  a  union  of  atoms  has  been  invariably  contem- 
plated. This  atomic  union  is  generally  attended  by  the  breaking 
up  of  previously  existing  molecules — two  such  molecules,  by 
the  mutual  exchange  of  their  atomic  constituents,  producing 
two  new  and  perfectly  distinct  molecules.  Thus  when  chlorine 
unites  with  hydrogen  to  form  hydrochloric  acid,  a  molecule 
of  chlorine  and  one  of  hydrogen  yield  up  their  constituent 
atoms,  forming  two  molecules  of  hydrochloric  acid, 

C1,  +  H,=2HC1. 

In  comparatively  rare  cases,  two  molecules  combine  to  form 
only  one  new  molecule ;  thus  a  molecule  of  carbonic  oxide  and 
one  of  chlorine  combine  to  form  one  molecule  of  carbonic 
oxydichloride  or  phosgene  gas :  but  the  union  is  even  here 
essentially  atomic  ;  for  after  combination  both  the  oxygen  and 
chlorine  are  directly  united  with  the  atom  of  carbon : 

C"0    +    CI,    =  G^^OCl,. 

Carbonic  oxide.      Chlorine.  Phosgene  gas. 

Chemists  are,  however,  compelled  to  admit  an  entirely  dif- 
ferent kind  of  union,  which  not  unfrequently  occurs,  and  which 
may  be  appropriately  termed  molecular  union  or  molecular  com- 
bination. In  the  formation  of  such  compounds,  no  change  takes 
place  in  the  active  atomicity  of  any  of  the  molecules.  It  is 
this  kind  of  combination  which  holds  together  salts  and  their 
water  of  crystallization,  as,  for  instance, 

Sodic  chloride  crystallized  at— 10°C  NaCl,  201I^. 

Sodic bromide  crystalhzed  below  +  30°C. . . . NaBr,  2OII2. 
Sodic  iodide  crystallized  below +  50° C.-Nal,  2011^. 
Ahun   S,0,('Ai;"Oe)"'Ko„ 
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The  researches  of  Tyndall  upon  the  absorption  of  radiant 
heat  by  dilFerent  vapours,  render  it  more  than  probable  that 
aqueous  vapour  does  not  consist  of  an  assemblage  of  single  and 
separate  molecules  of  the  compound  OH2,  but  of  groups  of 
these  molecules  of  great  complexity,  united  without  contraction 
of  volume. 

Numerous  other  instances  of  molecular  combination  might 
be  adduced ;  but  it  is  only  necessary  here  to  point  out  that  such 
molecular  unions  will  be  distinguished  from  atomic  combi- 
nations by  the  use  of  the  comma,  as  in  the  above  and  following 
examples : 

Tetramethylammonic  tri-iodide  NMe^  I, 

Tetramethylammonic  pentiodide   NMe^I,  2I2. 

Tetramethylammonic  iodo-dichloride  .  NMe^  I,  Cl^. 

In  all  cases  molecular  combination  seems  to  be  of  a  much 
more  feeble  character  than  atomic  union ;  for,  in  the  first  place, 
such  bodies  are  generally  decomposed  with  facility ;  and  secondly, 
the  properties  of  their  constituent  molecules  are  markedly  per- 
ceptible in  the  compounds.  Thus  the  above  so-called  perio- 
dides  of  the  organic  bases  present  in  appearance  great  resem- 
blance to  iodine. 


CHAPTER  VI. 

CLASSIFICATION  OF  ELEMENTS. 

It  has  already  been  mentioned  that  the  elements  may  be 
divided  into  two  great  classes,  the  metals  and  the  non-metals 
or  metalloids.  .A  second  division  into  positive  or  basylous  and 
negative  or  chlorous  elements  has  also  been  explained.  A 
third  and  still  more  important  classification  is  founded  upon 
the  atomicity  of  the  elements.  In  the  following  classified  Table 
all  three  methods  are  embodied,  the  metalloids  being  printed 
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in  red  type,  and  the  metals  in  black,  whilst  the  positive  or 
basylous  elements  are  printed  in  Eoman  characters,  and  the 
negative  or  chlorous  in  italics.  In  addition,  the  different 
classes  are  also  divided  into  sections,  consisting  of  elements 
closely  related  in  their  chemical  characters. 


Monads. 

Dyads. 

1st  Section. 

1st  Section. 

Hydrogen. 

Ox^ygen. 

2nd  Section. 

2nd  Section. 

Fluorine. 
Chlorine. 
Bromine^ 
Iodine. 

Barium. 

Strontium. 

Calcium. 

Magnesium. 

Zinc. 

3rd  Section. 

3rd  Section. 

Caesium. 

Rubidium. 

Potassium. 

Sodium. 

Lithium. 

Didymium. 
Lanthanum. 
Yttrium. 
Grlucinum. 

4th  Section. 

4th  Section. 

Thallium. 
Silver. 

Cadmium. 

Mercury. 

Copper. 

Triads. 


1st  Section. 
Boron. 


2nd  Section. 
Gold. 


Tetrads. 


1st  Section. 

Carbon. 

Silicon. 
Tin. 

Titanium. 


2nd  Section. 

Thorinum. 

Niobium. 

Tantalum. 

Zirconium. 

Aluminium. 


3rd  Section. 

Platinum. 
Palladium. 


4th  Section. 
Lead. 


Pentads. 


Ist  Section. 

Nitrogen. 

Phosphorus. 

Arsenic. 

Antimony. 

Bismuth. 


Hexads. 


Ist  Section. 

Sulphur. 

Selenium. 

Tellurium. 


2nd  Section. 

Tungsten. 

Vanadium. 

Molybdenum. 


3rd  Section. 

Osmium. 
Iridium. 
Ruthenium. 
Rhodium. 


4th  Section. 

Chromiiun. 

Manganese. 

Iron. 

Cobalt. 

Nickel. 

Uranium. 

Cerium. 


CHAPTER  VII. 

VTEIGHTS  AND  MEASURES. 

The  vreights  and  measures  employed  in  this  book  are  chiefly 
those  of  the  Trench  decimal  system.  The  following  Tables, 
published  by  Messrs.  De  la  Bue  and  Co.,  will  enable  the 
student  to  convert  these  into  their  English  equivalents  when- 
ever this  may  be  necessary. 
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French  Measures  of  Length. 


In  English 
inches. 

In  English 
leet  — 
inches. 

In  English 
yards =3  feet. 

In  English 

laruIiUlila  —  U 

feet. 

In  English 

zuIIbs  — 
1760  yards. 

Millimetre   

Centimetre   

Metre   

0-03937 
0-39371 
3-93708 
39-37079 
393-70790 
3937-07900 
39370-79000 
393707-90000 

0-003281 
0-032809 
0-328090 
3-280899 
32-808992 
328-089920 
3280-899200 
32808-992000 

0-0010936 
0-0109363 

0-  1093633 

1-  0936331 
10-9363310 

109-3633100 
1093-6331000 
10936-3310000 

0-0005468 
0-0054682 
0-0546816 
0-5468165 
5-4681655 
54-6816550 
546-8165500 
5468-1655000 

O-OOOOOOJ 
0-0000062 
0-0000621 
0-0006214 
0-0062138 
0-0621382 
0-6213824 
6-2138244 

Ddcametre   

Hectometre  

Kilometre   

Myriomfetre  

1  inch =2-539954  centimetres.                 I  yard=0-9143835  metre. 
1  foot  =3-0479449  decimetres.                1  mile  =1-6093149  kilometre. 

French  Measures  of  Surface^ 


In  English 
square  feet. 

In  English 
square  yards 
=9  square 
feet. 

In  English 

poles = 
272-25  sq. 
feet. 

In  English 
roods  = 
10890  sq. 
feet. 

In  English 
acres  = 
43560  sq. 
feet. 

Centiare  or  sq.  metre 
Are  or  100  sq.  metres 
Hectare  or  10,000-1 
square  metres...  J 

10-764299 
1076-429934 

107642-993418 

1-196033 
119-603326 

11960-332602 

0-0395383 
3-9538290 

395-3828959 

0-0009885 
0-0988457 

9-8845724 

0-0002471 
0-0247114 

2-4711431 

1  square  inch=6-4513669  square  centimetres. 

1  square  foot  =9*2899683  square  decimetres. 

1  square  yard =0-836097 15  square  metre  or  centiare. 

1  acre           =0-40467102  hectare. 

French  Measures  of  Capaciti/. 


In  cubic 
inches. 

In  cubic 

feet= 
1728  cubic 
inches. 

In  pints 
34-65923 
cubic 
inches. 

In  gallons 
=8  pints 
=277-27384 
cubic  inches. 

In  bushels 
=8  gallons 
=2218-19075 
cubic  inches. 

Millilitre  or  cubic  cen-  "i 

Centilitre  or  10  cubic  \ 

Decilitre  or  100  cubic  \ 

Litre  or  cubic  decimetre 
Decalitre  or  centistere. . . 
Hectolitre  or  ddcistere.. 
Kilolitre,  or  Stere,  or  \ 

Myriolitre  or  decastere.. 

0-06103 
0-61027 

6  10271 

61-02705 
610-27052 
6102-70515 

61027-05152 

610270-51519 

0-000035 
0-000353 

0-003532 

0-035317 
0-353166 
3-531658 

35-316581 

353-165807 

0-00176 
0-01761 

0-  17608 

1-  76077 
17-60773 

176-07734 

1760-77341 
17607-73414 

0-0002201 
0-0022010 

0-0220097 

0-2200967 
2-2009668 
22-0096677 

220-0966767 

2200-9667675 

0-0000275 
0-0002751 

0-0027512 

0-0275121 
0-2751208 
2-7512085 

27-5120846 

275-1208459 

1  cubic  inch =16-3861 76  cubic  centimetres. 

1  cubic  foot  =28-315312  cubic  decimetres,  or  litres. 

I  gallon      =4-543358  litres. 

c  5 
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'French  Pleasures  of  Weight. 


In  English 
grains. 

In  troy 
480  grains. 

In  avoirdu- 

1  rid  — 

7 000  grains. 

In  cwts.  = 
784000  grs. 

Tons= 

Of)  /^w(-«  — 

15680000  grs. 

Decagramme   

Kilogramme   

0-01543 

0-  154.32 

1-  54323 
15-43235 

1.54-32349 
1543-23488 
15432-34880 
154-323-48800 

0-000032 
0-000322 
0-003215 
0-032151 
0-321.507 
3-21-5073 
-32-150727 
321-507267 

0-0000022 
0-0000220 
0-0002205 
0-0022046 
0-0220462 
0-2204621 
2-2046213 
22-0462126 

0-0000000 
0-0000002 
0  0000020 
0-0000197 
0-0001968 
0-0019684 
0-0196841 
0-1968412 

0-0000000 
0-0000000 
0-0000001 
0-0000010 
0-0000098 
0-0000984 
00009842 
0-0098421 

1  grain    =0'064799  gramme.               1  lb.  avoir. =0'453593  kilogr. 
1  troy  oz.=:31-103496  grammes.            1  cwt.        =50-802377  kilogrs. 

Temperatures  are  expressed  upon  the  Centigrade  scale,  and 
barometric  measurements  are  given  in  millimetres.  ; 

For  the  ready  conversion  of  gaseous  volumes  into  weights,  I 
have  adopted  the  crith,  or  standard  multiple  proposed  by  Dr. 
Hofmann.  The  crith  is  the  weight  of  one  litre  or  cubic  deci- 
metre of  hydrogen  at  0°  0.  and  at  a  pressure  of  760  millimetres 
of  mercury.  The  following  is  Dr.  Hofmann's  description  of  i 
the  value  and  applications  of  this  unit. 

"  The  actual  weight  of  this  cube  of  hydrogen,  at  the  standard  \ 
temperature  and  pressure  mentioned,  is  0'0896  gramme;  a 
figure  which  I  earnestly  beg  you  to  inscribe,  as  with  a  sharp  gra- 
ving tool,  upon  your  memory.  There  is  probably  no  figure  in 
chemical  science  more  important  than  this  one  to  be  borne 
in  mind,  and  to  be  kept  ever  in  readiness  for  use  in  calculation 
at  a  moment's  notice.  For  this  litre-weight  of  hydrogen 
=  0*0896  gramme  (I  purposely  repeat  it)  is  the  standard 
multiple,  or  coefficient,  by  means  of  which  the  weight  of  one 
litre  of  any  other  gas,  simple  or  compound,  is  computed.  Again, 
therefore,  I  say,  do  not  let  slip  this  figure — 0*0896  gramme. 
So  important,  indeed,  is  this  standard  weight  unit,  that  somxe 
name — the  simpler  and  briefer  the  better — is  needed  to  denote 
it.  For  this  purpose  I  venture  to  suggest  the  term  crith,  de- 
rived from  the  G^reek  word  Kpidi),  signifying  a  barley-corn, 
and  figuratively  employed  to  imply  a  small  weight.  The  weight  j 
of  1  litre  of  hydrogen  being  called  1  crith,  the  volume- weight 
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of  other  gases,  referred  to  hydrogen  as  a  standard,  may  be  ex- 
pressed in  terms  of  this  unit. 

"  Eor  example,  the  relative  volume-weight  of  chlorine  being 
35*5,  that  of  oxygen  16,  that  of  nitrogen  14,  the  actual  weight 
of  1  litre  of  each  of  these  elementary  gases,  at  0°  C.  and  0™"76 
pressure,  may  be  called  respectively  35*5  criths,  16  criths,  and 
14  criths. 

"  So,  again,  with  reference  to  the  compound  gases  ;  the  rela- 
tive volume-weight  of  each  is  equal  to  half  the  weight  of  its 
product-volume.  Hydrochloric  acid  (HCl),  for  example,  con- 
sists of  1  vol.  of  hydrogen +1  vol.  of  chlorine =2  volumes  ; 
or,  by  weight,  1  +  35*5 =36*5  units  ;  whence  it  follows  that  the 
relative  volume-weight  of  hydrochloric  acid  gas  is  -2-=18'25 
units ;  which  last  figure  therefore  expresses  the  number  of 
criths  which  one  litre  of  hydrochloric  acid  gas  weighs  at  0°  C. 
temperature  and  0°^'7 6  pressure ;  and  the  crith  being  (as  I 
trust  you  already  bear  in  mind)  0*0896  gramme,  we  have 

18*25  xO-0896=r6352 

as  the  actual  weight  in  grammes  of  hydrochloric  acid  gas. 

"So,  once  more,  as  the  product-volume  of  water-gas  (HgO) 
(taken  at  the  above  temperature  and  pressure)  contains  2 
vols,  of  hydrogen  + 1  vol.  of  oxygen,  and  therefore  weighs  2  +  16 
=18  units,  the  single  volume  of  water-gas  weighs  ^-^  =9  units  ; 
or,  substituting  as  before  the  concrete  for  the  abstract  value, 
1  litre  of  water-gas  weighs  9  criths ;  that  is  to  say,  9  X  0*0896 
gramme =0*8064  gramme. 

"  In  like  manner  the  pro  duct- volume  of  sulphuretted  hydro- 
gen (H2S)=2  litres  of  hydrogen,  weighing  2  criths,  +1  litre 
of  sulphur-gas,  weighing  32  criths,  together  2  +  32=34  criths, 
which,  divided  by  2,  gives  ^^^=17  criths =17  x  0*0896  gramme 
=  1*5232  gramme = the  weight  of  1  litre  of  sulphuretted  hydro- 
gen at  standard  temperature  and  pressure. 

"  And  so,  lastly,  of  ammonia  (NHg)  ;  it  contains  in  2  litres 
3  litres  of  hydrogen,  weighing  3  criths,  and  1  litre  of  nitro- 
gen, weighing  14  criths ;  its  total  product-volume-weight  is 
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therefore  34-14=17  criths,  and  its  single  volume  or  litre 
weight  is  consequently 

y  =8-5  criths =8 -5  x  0-0896  gramme =0-7616  gramme. 

"  Thus,  by  the  aid  of  the  hydrogen-litre- weight  or  crith 
=0-0896  gramme,  employed  as  a  common  multiple,  the  actual 
or  concrete  weight  of  1  litre  of  any  gas,  simple  or  compound, 
at  standard  temperature  and  pressure,  may  be  deduced  from 
the  mere  abstract  figure  expressing  its  volume-weight  relatively 
to  hydrogen." 


CHAPTER  VIII. 

MONAD  ELEMENTS. 

Section  I. 

HYDROGEN,  Hjj. 

Atomic  weight  =1.  Molecular  weight  =2.  Molecular  volume 
I  I  I.  1  litre  weighs  1  crith.  Atomicity being  the  standard 
of  comparison. 

Occurrence. — In  combination,  as  water,  in  very  large  quan- 
tities in  nature.  In  almost  all  vegetable  and  animal  sub- 
stances, and  in  many  minerals.  In  the  free  state  in  the  gases 
of  volcanoes.    In  certain  stars  and  nebulae  ?  | 

Preparation. — 1.  By  the  action  of  sodium  upon  water: — 

2  OH,    +    Na,    =    20NaH    +  H,. 

Water.  Sodium.  Bodic  hydrate.  Hydrogen. 

2.  By  the  action  of  sodium  upon  dry  hydrochloric  acid  :— 
2HC1     -f-    Na,    =    2NaCl    +  H,. 

Hydrochloric  acid.      Sodium.        Bodic  chloride.  Hydrogen. 
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3.  By  the  action  of  zinc,  iron,  or  certain  other  metals  on 
hydrochloric  acid : — 

2HC1    +    Zn    =    ZnCl,    +  H,. 

Hydrochloric  acid.  Zincic  chloride. 

4.  By  the  action  of  zinc  or  certain  other  metals  on  dilute 
sulphuric  acid : — 

SO.Ho,    +    Zn    =    SO.Zno"    +  H,. 

Sulphuric  acid.  Zincic  sulphate. 

6.  By  passing  steam  over  irdi  heated  to  redness : — 
Fe,    4-  =    -(Fe3)^"0,    +  4H,. 

Water.  Triferric  tetroxide. 

6.  By  the  action  of  zinc  on  a  boiling  solution  of  potassic 
hydrate : — 

20KH    +    Zn    =    ZnKo,    +  H,. 

Potassic  hydrate.  Potassic  zinc  oxide. 

7.  By  the  electrolysis  of  water  and  of  some  other  liquids 
containing  hydrogen. 

8.  By  the  action  of  intense  heat  upon  water. 

9.  In  the  destructive  distillation  of  some  organic  substances. 

Section  II. 

CHLORINE,  CI,. 

Atomic  weight  =35*5.  Molecular  weight  =71.  Molecular  volume 
V  I  1.  1  litre  weighs  35*5  criths.  Has  not  heen  solidified. 
Liquefies  at  15°'5  C,  under  a  pressure  of  4  atmospheres. 
Atomicity'.    Evidence  of  atomicity,  JLCl. 

Occurrence. — Always  in  combination — with  sodium  and  other 
metals  in  sea-water,  and  in  the  solid  state  in  the  salt-beds  of 
Cheshire,  Worcester,  &c.  Evolved  from  volcanoes  in  the  form 
of  hydrochloric  acid. 

Preparation. — 1.  By  heating  certain  metallic  chlorides,  as 
platinic  and  auric  chlorides : — 

PtCU    =    2CI2  +Pt. 

Platinic  chloride. 
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2.  By  gently  heating  a  mixture  of  manganic  oxide  and  hy- 
drocHoric  acid,  when  the  reaction  takes  place  in  two  stages  : — 

MnO^      +     4HC1     =      MnCU     +  SOH^; 

Manganic  oxide.       Hydrochloric  acid.      Manganic  chloride.  Water. 

MnCl4     =     MnCls     +  Cl^. 

Manganic  chloride.    Manganous  chloride. 

3.  By  heating  a  mixture  of  sulphuric  acid,  sodic  chloride, 
and  manganic  oxide,  when  the  whole  of  the  chlorine  present  is 
liberated: — 

M11O2    +    2SO2H0,    +    2NaCl    =    SOgNaOg  + 

Manganic  oxide.         Sulphuric  acid.         Sodic  chloride.  Sodic  sulphate. 

SO^Mno"    -h    2OH2    +  CI2. 

Manganous  sulphate.  Water. 

If  in  the  second  process  a  mixture  of  manganic  oxide, 
hydrochloric  acid,  and  sulphuric  acid  be  employed,  the  whole  of 
the  chlorine  is  evolved : — 

MnOs    +    SO2H02    +    2HC1  = 

Manganic  oxide.      Sulphuric  acid.      Hydrochloric  acid. 

SO.Mno"    +    2  OH,    +  Cl^. 

Manganic  sulphate.  Water. 

4.  By  the  electrolysis  of  hydrochloric  acid. 

Bead  ions. — 1.  A  mixture  of  chlorine  and  hydrogen  unite 
instantly,  with  explosion,  under  the  influence  of  sunlight,  or 
of  powerful  artificial  light,  or  on  the  application  of  a  burning 
body  to  the  mixture.  A  burning  jet  of  hydrogen  continues  to 
burn  when  plunged  into  chlorine, 

4-    CI2    =  2HC1. 

2.  Chlorine  has  so  great  an  attraction  for  hydrogen,  that  it 
removes  the  latter  from  its  compounds  with  carbon.  When  a 
rag  moistened  with  turpentine  is  plunged  into  chlorine,  the 
chlorine  and  hydrogen  unite,  with  evolution  of  heat  and  light, 
carbon  being  liberated : — 

+    8CI2    =    16HC1    +  IOC. 

Turpentine.  Hydrochloric  acid. 
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HYDROCHLORIC  ACID,  Chlorhydric  Acid,  Muriatic  Acid. 

HCl. 

Molecular  weigTit  =36'5.  Molecular  volume  \  \  |.  1  litre 
weighs  18*25  critJis.  Has  not  heen  solidified.  Condenses 
at  10°  under  a  pressure  of  40  atmospheres. 

Occurrence. — Evolved  from  volcanoes. 
Preparation. — 1.  From  its  elements,  as  above  described. 
2.  By  gently  heating  sodic  chloride  with  sulphuric  acid,  pre- 
viously diluted  with  a  small  quantity  of  water  : — 

SO2H02    +    NaCl    =    SO^HoNao    +  HCl: 

Sulphuric  acid.      Sodic  chloride.     Hydric  sodic  sulphate.    Hydrochloric  acid. 

or     SO2H02    +    2NaCl    =    SO^Nao^    +  2HCL 

Sulphuric  acid.        Sodic  chloride.         Sodic  sulphate.      Hydrochloric  acid. 

Beactions. — Hydrochloric  acid  may  be  converted  into  salts 
termed  chlorides  by  the  action  of  certain  metals  as  described 
above,  and  also  by  that  of  the  metallic  hydrates  or  oxides  : — 

OKH     +     HCl     =     KCl     +  OH,. 

Potassic  hydrate.     Hydrochloric  acid.   Potassic  chloride.  Water. 

ZnO      +      2HC1     =     ZnCl,      +  OH,. 

Zincie  oxide.       Hydrochloric  acid.       Zincic  chloride.  Water. 

Eor  the  remaining  monad  elements  of  this  Section,  see 
Chapter  Xiy.  '  ^ 


CHAPTER  IX. 

DYAD  ELEMENTS 

Section  I. 
OXYGEN,  O,. 

Atomic  weight  =16.  Molecular  weight  =32.  Molecular  volume 
rT~l.  1  litre  weighs  16  criths.  Atomicity".  Evidence 
of  atomicity : — 
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Water    OH,. 

Potassic  hydrate   OKH. 

*  Argentic  oxide    OAgjj. 

Hypochlorous  anhydride    OC\^. 

Occurrence. — In  the  free  state  in  the  atmospliere.  In  the 
combined  state  in  water,  in  most  mineral  bodies,  and  in  almost 
all  animal  and  vegetable  compounds. 

Preparation. — 1.  If  metallic  mercury  be  heated  to  its  boiling- 
point  with  access  of  air,  it  gradually  absorbs  oxygen,  being 
converted  into  mercuric  oxide,  IIg"0.  This  compound,  when 
more  strongly  heated,  is  resolved  into  its  elements, 

2HgO      =     2Hg      +  O,. 

Mercuric  oxide.  Mercury.  Oxygen. 

2.  By  heating  native  manganic  oxide  (pyrolusite)  a  portion 
of  its  oxygen  is  liberated  : — 

Manganic  oxide.        Trimanganic  tetroxide. 

.3.  Oxygen  is  evolved  in  nature  in  a  remarkable  manner  by 
the  decomposition  of  carbonic  anhydride,  CO,,  by  the  green 
leaves  of  plants,  the  vegetable  assimilating  the  carbon,  whilst 
the  oxygen  escapes  into  the  atmosphere  : — 

CO,   =    c    +  O,. 

Carbonic  anhydride. 

4.  By  the  action  of  heat  upon  potassic  chlorate . — 

roci 


(Atomic) 


(Molecular)  2 


O  =KC1      -f       30,  or 

OK 

roci 

O  =2KC1     +  30,. 

OK 


Potassic  chlorate.  Potassic  Oxygen- 

chloride. 

5.  By  mixing  the  potassic  chlorate  with  manganic  oxide, 
the  oxygen  is  evolved  at  a  mucb  lower  temperature ;  the  man- 
ganic oxide  appears  to  take  no  part  in  the  reaction. 

6.  By  dropping  concentrated  sulphuric  acid  into  a  red-hot 


OZONE. 
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platinum  retort,  the  acid  is  decomposed  into  oxygen,  sulphu- 
rous anhydride,  and  water : — 

(Atomic)  SO^Ho^    =      SO,    +      OH,    +    O,  or 

(Molecular)     2SO,Ho,    =    2S0,    +    20H,    +  0,. 

Sulphuric  acid.         Sulphurous  Water, 
anhydride. 

7.  By  the  electrolysis  of  water. 

8.  By  the  action  of  heat  upon  a  mixture  of  manganic  oxide 
and  sulphuric  acid : — 

(Atomic)  MnO,  +  SO,Ho,  =  SO,Mno" -f  OH, +0,  or 
(Molecular)  2MnO,  +  2SO,Ho,  =  2SO,Mno"  +  20H,+  0,. 

Manganic         Sulphuric  Manganous  Water, 

oxide.  acid.  sulphate. 

9.  By  heating  a  mixture  of  potassic  bichromate  and  sulphuric 
acid: — 

fCrO,Ko 

2^0  +    8SO,Ho,    =  2SO,Ko, 

[  CrO,Ko 

Potassic  bichromate.  Sulphuric  acid.         Potassic  sulphate. 

+    2S306('Cr;"06)"    +    30,    +  BOH,. 

Chromic  sulphate.  Water. 

10.  By  passing  steam  and  chlorine  through  a  red-hot  porce- 
lain tube,  hydrochloric  acid  and  oxygen  are  formed : — 

20H,    -f    2Ci,    =    4HC1    +  O,. 

Water.  Chlorine.      Hydrochloric  acid. 

'Reaction. — A  mixture  of  two  volumes  of  hydrogen  and  one 
Tolume  of  oxygen  explodes  at  a  red  heat,  water  being  produced. 
The  same  compound  is  formed  when  hydrogen  is  burnt  in  oxy- 
gen or  oxygen  in  hydrogen : — 

(Molecular)       2H,    +    O,    =  20H,. 

ALLOTROPIC  OXYGEN  or  OZONE,  O,, 

Molecular  weight  =48.   Molecular  volume  I  I  I.    1  litre  weighs 
24}  criths. 

Preparation. — 1.  When  electric  sparks  are  passed  through  air 
or  oxygen,  a  peculiar  odour,  which  is  due  to  ozone,  is  observed. 
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OZONE. 


2.  By  placing  phosphorus  in  moist  air  at  about  the  ordinary 
temperature  for  a  few  hours. 

3.  By  passing  an  electric  current  through  dilute  sulphuric 
or  chromic  acid. 

Thus  obtained,  ozone  is  always  mixed  with  a  large  proportion 
of  air  or-  oxygen. 

Properties. — Powerfully  oxidizing.  It  oxidizes  the  metals 
silver  and  mercury,  and  organic  matters  at  ordinary  tempera- 
ture. When  oxygen  is  converted  into  ozone,  contraction  of 
volume  takes  place  ;  and  when  the  ozone  is  heated  to  290°,  it  is 
retransformed  into  the  original  volume  of  ordinary  oxygen, — in- 
dicating that  the  molecule  of  ozone  contains  more  atoms  than 
the  molecule  of  ordinary  oxygen. 

In  most  cases  of  oxidation  by  ozone  no  diminution  of  the  vo- 
lume of  gas  takes  place,  the  additional  atoms  previously  intro- 
duced into  the  molecules  of  oxygen  being  removed,  and  ordinary 
oxygen  becoming  free.  But  it  has  been  recently  shown  by 
Soret,  that  oil  of  turpentine  absorbs  the  whole  molecule  of  the 
ozone,  leaving  untouched  the  oxygen  which  was  previously  pre- 
sent in  the  state  of  admixture.  By  observing  the  contraction 
during  the  production  of  the  ozone  and  the  diminution  of 
volume  produced  by  absorbing  it  with  oil  of  turpentine,  the 
density  of  ozone  may  be  readily  calculated,  and  consequently 
its  atomic  constitution. 

By  this  means  the  specific  gravity  of  ozone  has  been  shown 
to  be  24,  the  molecular  weight  being  therefore  48,  which  is  the 
weight  of  3  atoms  of  oxygen. 

In  ordinary  oxygen,  the  molecule  is  composed  of  two  atoms 
of  oxygen,  and  is  represented  by 


In  ozone  the  molecule  contains  3  atoms  of  oxygen,  and  is  re- 


weighing  32. 


presented  by 


0-0 


w 
© 


weighing  48. 


WATER, 
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WATER,  Sydric  Oxide. 

©-©-©  OH,. 
Molecular  weight  =18.     Molecular  volume  \  |  |.     1  litre  of 
water-vapour  weighs  9  criths.    Fuses  at  0°.   Boils  at  100°. 

Occurrence. — Most  abundantly  in  nature. 
Formation. — 1.  By  the  direct  union  of  hydrogen  and  oxygen, 
as  above. 

2.  As  a  secondary  product  in  numberless  chemical  reactions, 
as,  for  instance,  in  the  action  of  hydrochloric  acid  on  potassic 
hydrate : — 

OKH     +     HCl     =     OH,     +  KCl. 

Potassic  hydrate.    Hydrochloric  acid.  Water.         Potassic  chloride. 

Reactions. — 1.  By  its  action  many  metallic  oxides  are  con- 
verted into  hydrates : — 

OK,    +    OH,    =  20KH. 

Potassic  oxide.        Water.  Potassic  hydrate. 

BaO    +    OH,    =  BaHo,. 

Baric  oxide.  Water.  Baric  hydrate. 

2.  By  its  action  on  anhydrides  it  transforms  them  into 
acids : — 

N,05    +    OH,    =  2NO,Ho. 

Nitric  anhydride.         Water.  Mtric  acid. 

SO3    +    OH,    =  SO,Ho,. 

Sulphuric  anhydride.      Water.  Sulphuric  acid. 

P,Og    +    30H,    =  2POH03. 

Phosphoric  anhydride.   Water.  Phosphoric  acid. 

3.  It  also  unites  molecularly  with  many  compounds  as 
water  of  crystallization  (see  Chapter  V.),  as  in  the  following 
instances : — 

BaCl„  20H,    Baric  chloride. 

SO,Fao„  lOOH,   Sodic  sulphate. 

S,03Ko,('Al,'"Oe)^S  240H, . . .  Alum. 
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HYDROXYL. 


HYDROXYL,  Hydric  JPeroxide. 

roH 

0_0_:_0_0      H,0,or(HO),orHo,or  |  qH* 

Probable  molecular  weight  =  34. 

JPreparation. — By  passing  a  current  of  carbonic  anhydride 
through  water  in  which  baric  peroxide  is  suspended  : — 

{ gBa"    +    CO,    +     OH,  =  COBao"  +  { g^- 

Baric  peroxide.     Carbonic  anhydride       Water.        Baric  carbonate.  Hydroxyl. 

Reactions. — 1.  By  heat  it  is  decomposed  into  water  and 
oxygen : — 

2  {oh    =    2°^^  + 

Hydroxyl.  Water.  Oxygen. 

2.  Hydroxyl  is  transformed  into  water  by  the  action  of  nas- 
cent hydrogen :  if  hydroxyl  be  introduced  into  an  apparatus 
generating  hydrogen,  the  gas  ceases  to  be  evolved : — 

SO,Ho,  +   Zn  +  I  §g    =    SO.Zno"    +  20H,. 

Sulphuric  acid.  Hydroxyl.         Zincic  sulphate.  Water. 

3.  Hydroxyl  liberates  iodine  from  potassic  iodide : — 
2KI    +     12?    =    20KH    +  I,. 


.OH 

Potassic  iodide.         Hydroxyl.      Potassic  hydrate.  Iodine. 

4.  Hydroxyl  is  a  powerful  oxidizing  agent ;  it  converts,  for 
instance,  plumbic  sulphide  into  plumbic  sulphate  : 

PbS"    +    4ISS    =    SO.Pbo"    +  40H, 


^OH    ~    ^^2^^"     ^  ^^"-"a- 

Plumbic  sulphide.         Hydroxyl.         Plumbic  sulphate.  Water. 


OXIDES  AND  ACIDS  OF  CHLORINE. 
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OXIDES  AND  ACIDS  OF  CHLOHINII. 


Oxygen  forms  many  compounds  with  chlorine  and  with 
chlorine  and  hydroxyl ;  but  none  of  them  can  be  produced  by 
direct  combination.  The  following  list  contains  all  that  are 
known : — 


Hypochlorous 
anhydride . . . 


} 


Chloric  oxide  ? 

Chlorous  anhy- 
dride   


Chloric  peroxide  ^ 


OCl, 
OCl 

ocr 

roci 
o  • 

OCl 
^OCl 

o 

o  • 

OCl 


©-©-© 

@_0_0_@ 
®-©-©-©-® 


Chloric  hyper- 
oxide  ?  


^OCl 
O 

o 

\  OCl 


@_0_0_0_0_0_0_0 


Hypochlorous  acid,  OCIH,  or  ClHo.  ®~®~® 
Chlorous  acid  ...  OClHo,  or  |  ©-®-®-@ 

OCl 

0-0-0-0-0 


Chloric  acid 


roci 

\OHo' 


or 


O 

OH 


Perchloric  acid 


roci 

O  ,  or 
OHo 


roci 

OH 
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OXIDES  OF  CHLORINE. 


HYPOCHLOEOXJS  ANHYDRIDE. 
OCl,. 

Molecular  weight  =87.  Molecular  volume  \  [  |.  1  litre  of 
TiypocTilorous  anhydride  vapour  weigJis  4i^'^  criths.  Boils  at 
about  20°. 

Preparation. — By  passing  cMorine  over  mercuric  oxide  at  a 
low  temperature : — 

fHgCl 

2HsO       +       2C1,       =        ^  O  +  OCl 


Mercuric 
oxide. 


o 

[HgCl 

Mercuric 
oxycMoride. 


Hj^oclilorous 
anhydride. 


CHLOROUS  ANHYDRIDE. 
OCl 

o  . 
OCl 

Molecular  weight  =119.    Molecular  volume  anomalous  \_\_j_A' 
1  litre  iveighs  79*4  criths. 

Preparation. — By  gently  heating  in  a  water-bath  a  mixture 
of  potassic  chlorate,  nitric  acid,  and  arsenious  acid.  Four  dif- 
ferent reactions  are  to  be  distinguished  in  this  operation  : — 


1 

^-  tOKo 

Potassic  chlorate. 


+ 


2.    AsHog  -f 

Arsenious  acid. 


3. 


4. 


OCl 
OHo 

Chloric  acid. 


+ 


NO.Ho 

Nitric  acid. 

NO.Ho 

Nitric  acid. 

NOHo 

Nitrous  acid. 


J  OCl 
jOHo 

Chloric  acid. 

:  NOHo 

Nitrous  acid. 

OClHo 

Chlorous  acid. 


+ 


NO.Ko; 

Potassic  nitrate. 

+  AsOHo 

Arsenic  acid. 

NO.Ho; 
Nitric  acid. 


3  ' 


2OCIH0  = 


Chlorous  acid. 


roci 
o  + 
^oci 

Chlorous  anhydride. 


OH,. 


Water. 


HYPOCHLOROUS  ACID. 
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CHLORIC  PEROXIDE. 


roci 
o 

o  • 

OCl 


Molecular  weight  =  135.    JBoils  at  20°. 

Preparation. — By  the  action  of  sulphuric  acid  on  potassic 
chlorate : — 

fOCl 


^  |oKo+^®^^^^^=  ]        +2SO,HoKo  +  OH,+ 


Potassic       Sulphuric  Potassic     Hydric  potassic 

chlorate.  acid.  perchlorate.  sulphate. 


Water. 


0 

o  ■ 

^OCl 

Chloric 
peroxide. 


HYPOCHLOROUS  ACID. 

OCIH,  or  ClHo. 

Molecular  weight  =  52*5. 

Preparation. — 1.  By  the  action  of  water  on  hypochlorous 
anhydride : — 

OCl,       +       OH,       =  2ClHo. 

Hypochlorous  anhydride.  Water.  Hypochlorous  acid. 

2.  By  the  action  of  chlorine  upon  mercuric  oxide  in  the  pre- 
sence of  water : — 

fHgCl 

2HgO   +  OH,    +    2a    =     \0         +  2ClHo. 

HgCl 

Merciu-ic  oxide.        Water.  Chlorine.  Mercuric  Hypochlorous 

oxychloride.  acid. 

Beactions. — 1.  By  the  action  of  hydrochloric  acid,  chlorine 
is  evolved  from  both  the  hydrochloric  acid  and  hypochlorous 
acid : — 

ClHo       +       HCl       =       CI,       +  OH,. 

Hypochlorous  acid.        Hydrochloric  acid.  Chlorine.  Water. 
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2.  By  the  action  of  argentic  oxide,  oxygen  is  evolved  from 
both  compounds : — 

OAg,    +    2ClHo      =      2AgCl    +    OH,    +  O,. 

Argentic  Hypochloroua  Argentic  Water, 

oxide.  acid.  chloride. 

3.  By  the  action  of  hypochlorous  acid,  metallic  oxides  or  hy- 
drates are  converted  into  hypochlorites  : — 

OKH       +       ClHo       =       ClKo       +  OH,. 

Potaasic  hydrate.  Hypochlorous  Potassic  Water. 

acid.  hypochlorite. 

It  was  formerly  supposed  that  hypochlorites,  together  with 
chlorides,  were  formed  when  chlorine  acted  upon  certain  me- 
tallic oxides  and  hydrates  : — 

2C1,  +  2CaHo,    =    CaCl,    +     Cao"Cl,    -f  20H,. 

Calcic  hydrate.        Calcic  chloride.     Calcic  hypochlorite.  Water. 

But  the  so-called  chloride  of  lime  or  bleaching  powder  does 
not  contain  calcic  chloride,  and  the  true  reaction  appears  to  be 

CaHo,    +    CI,    =    Ca(OCl)Cl    +  OH,. 

Calcic  hydrate.  Bleaching  powder  *.  Water. 

By  the  action  of  acids  this  compound  yields  free  chlorine : — 
Ca(OCl)Cl    +    SO,Ho,    =    SO,Cao"    +    OH,  +  CI,. 

Bleaching  powder.  Sulphuric  acid.         Calcic  sulphate.  Water. 


CHLOROUS  ACID. 

OClHo  or  I 
Molecular  weight  =68*5. 

Preparation. — By  the  action  of  water  upon  chlorous  anhy- 
dride : — 

'OCl 


O        +     OH,     =  2 
OCl 

Chlorous  anhydride.        Water.  Chlorous  acid. 


OCl 
OH. 


*©-©-©-©• 
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CHLORIC  ACID. 

roci 


fOCl 
lOHo 


o  . 
OH 


Molecular  weight  =84i*5. 


Preparation. — Bj  the  action  of  dilute  sulphuric  acid  upon 
baric  chlorate : — 

fOCI 

<  Bao"      +     SO,Ho,     =     2  I  ^"^^      +  SO.Bao". 

[oci 

Baric  chlorate.  Sulphuric  acid.  Chloric  acid.  Baric  sulphate. 

Decomposition.  — By  boiling,  it  is  decomposed  into  perchloric 
acid,  water,  chlorine,  and  oxygen : — 

r  oci  f 

nOHo    =     jgjj^    +    OH,    H-    Cl,    +  20, 

Chloric  acid.  Perchloric  acid.  Water. 

Preparation  of  Chlorates. — 1.  Potassic  chlorate  may  be  pre- 
pared by  the  action  of  chlorine  upon  a  concentrated  solution 
of  potassic  hydrate : — 

60KH    +    3C1,    =    5KC1    +    {  q^^^    +  30H, 

Potassic  Chlorine,  Potassic  Potassic  Water, 

hydrate.  chloride.  chlorate. 

2.  Calcic  chlorate  is  made  by  passing  chlorine  through  boiling 
milk  of  lime : — 

fOCl 

o 

6CaHo,    +    6C1.,    =    ^  Cao"    +    SCaCl,    +  60H, 

1  o 

Calcic  hydrate.  '    Calcic  chlorate.        Calcic  chloride.  Water. 

By  the  addition  of  potassic  chloride  to  the  calcic  chlorate, 
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potassic  chlorate  is  formed ;  the  latter  is  then  separated  from 
the  calcic  chloride  by  crystallization  : — 

fOCl 

J  Cao"    +    2KC1    =    2 1  +  CaCl,. 

[oci 

Calcic  Potassic  Potassic  Calcic 

chlorate.  chloride.  chlorate.  chloride. 


PERCHLORIC  ACID. 


roci 

O  or  i 
OHo 


OCI 

o 

0  • 

OH 


Molecular  weight  =100'5. 


Preparation. — Potassic  perchlorate  is  distilled  with  about 
three  times  its  weight  of  sulphuric  acid : — 


roci 

O  + 
OKo 

Potassic  perchlorate.      Sulphuric  acid 


SO.Ho,  = 


OCI 

O 

OHo 

Perchloric  acid. 


+  SO^Ko,. 


Potassic  sulphate. 


The  impure  perchloric  acid  is  then  carefully  rectijfied,  when 
pure  perchloric  acid  passes  over  as  an  oily  liquid  towards  the 
end  of  the  operation. 

It  forms  with  water  a  white  crystalline  hydrate. 

Preparation  of  Potassic  Perchlorate. — 1.  Potassic  chlorate 
is  heated  gradually,  and  the  process  arrested  when  one-third 
of  the  oxygen  present  has  been  evolved ;  the  residue  then  con- 
tains potassic  chloride  and  perchlorate : — 


( 


OCI 
OKo 


Potassic  chlorate. 


roci 

o  + 

OKo 

Potassic  chloride,    Potassic  perchlorate. 


=     KCl  + 
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By  crystallization  tlie  two  salts  are  separated. 

2.  When  potassic  chlorate  is  gradually  introduced  into  boiling 
nitric  acid,  chlorine  and  oxygen  are  evolved,  potassic  nitrate 
and  perchlorate  being  formed : — 

3  I  ^^^^+2NO,Ho=2NO,Ko  +  OH,+  ^ 


0  .+Cl,+20, 
OKo 


Potassic        Nitric  acid.    Potassic  nitrate.  Water.  Potassic 
chlorate.  perclilorate. 

These  salts  are  then  separated  by  crystallization. 


CHAPTER  X. 

TRIAD  ELEMEN"TS. 

Section  I. 
BOEON,  B,. 

Atomic  weight  =11.  Prohable  molecular  weight  =22.  Sp.gr., 
diamond  variety,  2*68.  Atomicity  "'.  Evidence  of  ato- 
micity : — 

Boric  chloride    B"'Cl3. 

Boric  fluoride   B'"¥,. 

Boric  ethide    B'^Etg. 

Occurrence. — Eound  only  in  combination  with  oxygen. 
Preparation : — 

a.  Amorphous  horon. — 1.  By  igniting  boric  anhydride  with 
sodium : — 

B.O;    +    3N"a,    =    30Na,    +  B,. 

Boric  anhydride.        Sodium.  Sodic  oxide. 

2.  By  passing  boric  chloride  over  heated  potassium : — 
2BCI3    +    3K3    =    6KC1    +  B,. 

Boric  chloride.  Potassic  chloride. 

D  2 
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/3.  OrapTiitoidal  boron. — By  passing  boric  chloride  over  fused 
aluminium : — 

Al,    +    2BCI3    =    'Ai;"Cle    +  B,. 

Boric  cUoride.      Almninic  chloride. 

y.  Diamond  horon. — By  fusing  boric  anhydride  with  alumi- 
nium : — 

Al,    +    B.O,    =    ■Al.-O,    +  B, 

Boric  anhydride.      Aluminic  oxide. 

Reactions : — 

a.  Amorphous  horon. — 1.  Decomposes  hot  sulphuric  acid  : — 
B,    +    3SO,Ho,    =    Bfl,    +    30H,    +  3S0,. 

Sulphuric  acid.      Boric  anhydride.        Water.     Sulphurous  anhydride. 

2.  Decomposes  nitric  acid : — 

B,    -f    6NO,Ho    =    2BH03    +  S'N^yQ,. 

Nitric  acid.  Boric  acid.  Nitric  peroxide. 

3.  Decomposes  alkaline  carbonates,  sulphates,  and  nitrates : — 

B,    +    3CONao,    =    2BNao3    +  3C"0. 

Sodic  carbonate.         Trisodic  borate.      Carbonic  oxide. 

B,    +    3SO,Ko,     =    2BK03     +  8S0,. 

Potassic  sulphate.      Tripotassic  borate.  Sulphurous  anhydride. 

B,    +    6NO,Ko     =    2BK03      +  3'N,i^0,. 

Potassic  nitrate.       Tripotassic  borate.         Nitric  peroxide. 

4.  Boron  is  one  of  the  very  few  elements  which  unite  directly 
with  nitrogen : — 

B,    +  =  2B'"N"'. 

Boric  nitride. 

y.  Diamond  horon. — 1.  When  fused  with  hydric  potassic  sul- 
phate, boric  anhydride  is  formed : — 

6SO,HoKo  +  B,  =  B,03  +  3SO,Ko,  +  30H,  -f  3S0,. 

Hydric  potassic  Boric         Potassic  sul-         Water.  Sulphurous 

sulphate.  anhydride.  phate.  anhydride. 

No  compound  of  boron  with  hydrogen  has  been  obtained ; 
but  the  chloride,  bromide,  and  fluoride  are  known. 


COMPOUNDS  OF  BORON. 
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BORIC  CHLORIDE. 

BCI3. 

Molecular  weight  =117 '5.  Molecular  volume  \  \  |.  1  litre 
of  horic  chloride  vapour  weighs  58'75  criths.  Sp.  gr.  1'35 
at  7°.    JBoils  at  17° 

Preparation. — By  passing  chlorine  over  a  mixture  of  boric 
anhydride  and  charcoal  heated  to  redness : — 

B,03    +    3C1,    -h    C3    =    2BCI3    -f  SCO. 

Boric  anhydride.  Boric  chloride.     Carbonic  oxide. 

Beaction. — In  contact  with  water  it  forms  hydrochloric  and 
boric  acids : — 

BCI3    +    30H,    =    3HC1    +  BH03. 

Boric  chloride.  Water.        Hydrochloric  acid.     Boric  acid. 


BORIC  BROMIDE. 
BBr3. 

Molecular  weight  =251.  Molecular  volume  \  |  |.  1  litre  of 
horic  Iromide  vapour  weighs  125 '5  criths.  Sp.gr.  of  liquid 
=2-69.    Boils  at  90°  C. 

Prepared  and  decomposed  in  exactly  the  same  way  as  the 
chloride. 

BORIC  FLUORIDE. 
BF3. 

Molecular  weight  =68.   Molecular  volume  [~y~].   1  litre  weighs 
34  criths. 

Preparation. — 1.  By  strongly  heating  boric  anhydride  with 
calcic  fluoride  :— 

2B,03    +    3CaF,    =    B,Cao3''    +  2Br3. 

Boric  anhydride.      Calcic  fluoride.         Calcic  borate.         Boric  fluoride. 
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2.  By  heating  together  boric  anhydride  with  calcic  fluoride 
and  sulphuric  acid : — 

3,0.3  +  SCaF,  +  SSO.Ho^  =  3SOHo,Cao"  +  2BF,. 

Boric  Calcic  Sulphuric  Dihydric  calcic  Boric  fluo- 

anhydride.        fluoride.  acid.  sulphate  *.  ride. 

Reaction. — By  contact  with  water  boric  fluoride  forms  a 
peculiar  acid,  the  hydrofluoboric  acid,  the  constitution  of  which 
is  not  well  understood : — 

4BF3    +    30H,    =    3(BF3,  HF)    +  BH03. 

Boric  fluoride.  Water.  Hydrofluoboric  acid.  Boric  acid. 

This  acid  acts  upon  metallic  hydrates,  forming  salts : — 
BE3,  HF    +    OKH    =    BF3,  KF    +  OH,. 

Hydrofluoboric  Potassic  Potassie  Water, 

acid.  hydrate.  borofluoride. 

Possibly  the  boron  in  these  compounds  is  pentadic;  thus 
B'HF,  and  B'KF,. 


BOBIO  ANRTDBIDE  AND  ACIDS. 


Boric  anhydride  

Monobasic  boric  acid 

Metaboric  acid   

Tribasic  boric  acid  . . 
Boric  acid   


BOHo. 


BH03. 


BORIC  ANHYDRIDE,  Boracic  anhydride. 
B,03. 

Molecular  weight  =70.    8p.  gr.  1*83. 

Breparation. — By  fusing  boric  acid  at  a  red  heat : — 
2BH03    =    B,03    +  30H,. 

Boric  acid.       Boric  anhydride.  Water, 


*  See  sulphuric  acid,  Chap.  XIII.  page  81. 
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BOEIG  ACID,  JBoracic  Acid,  Orthohoric  Acid. 

BH03. 

Molecular  weight  =62.    Sp.  gr.  1*479. 

Occurrence. — Contained  in  the  steam  which  escapes  from  the 
suffioni  in  some  parts  of  Tuscany. 

Preparation. — By  the  addition  of  hydrochloric  acid  to  a  hot 
saturated  solution  of  borax,  when  the  acid  crystallizes  out  on 
cooling: — 

B.O^Nao,    +    2HC1    +    50H,   =    4BH03    +  2NaCl. 

Borax.  Hydrochloric  Water.  Boric  Sodic 

acid.  acid.  chloride. 

"Reactions. — 1.  At  the  temperature  of  100°  it  loses  water, 
being  converted  into  metaboric  acid : — 

BH03    =    BOHo     +  OH,. 

Boric  acid.  Metaboric  acid.  Water. 

2.  By  the  action  of  metallic  hydrates,  oxides,  or  carbonates, 
borates  are  formed. 

The  mineral  tincal  contains  borax,  an  abnormal  sodic  borate, 
B^O^Nao,,  lOOH,. 


A  trimagnesic  octohorate  is  known  as  the  mineral  horacite : — 
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BORIC  SULPHIDE. 

B  S  " 

Molecular  weight —W^. 

Preparation. — Bypassing  carbonic  disulphide  over  a  mixture 
of  carbon  and  boric  anhydride  heated  to  bright  redness : — 

2B,03      +      3CS,"    +  3C  =    23,83"    +  6C"0. 

Boric  Carbonic  Boric  Carbonic 

anhydride.  disulphide.  sulphide.  oxide. 

'Reaction. — Boric  sulphide  is  readily  decomposed  by  water, 
giving  sulphuretted  hydrogen  and  boric  acid : — 

3,83"    +    60H,    =    3SH,     +  2BH03. 

Boric  Water.  Sulphuretted  Borio 

sulphide.  hydrogen.  acid. 


BORIC  NITRIDE. 
BN'". 

Molecular  weight  =25. 

Preparation. — 1.  By  heating  boron  in  nitrogen  (see  p.  52). 
2.  By  heating  together  borax  and  ammonic  chloride : — 

B.OgNao,    +    4NH,C1    =    4BN'"    +    2]N'aCl  + 

Borax.  Amnionic  chloride.      Boric  nitride.         Sodic  chloride. 

70H,    +  2HC1. 

Water.         Hydrochloric  acid. 

Reaction. — When  fused  with  potassic  hydrate,  boric  nitride 
yields  tripotassic  borate  and  ammonia : — 

BN'"    +    30KH    =    BK03    +  NH3. 

Boric  Potassic  Tripotassic  Ammonia, 

nitride.  hydrate.  borate. 
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CHAPTER  XI. 

TETEAD  ELEMENTS. 

Section  I. 
CARBON,  C. 

Atomic  weight  =12.    Atomicity  "  and ''^ .    Evidence  of  atomi- 
city : — 

Carbonic  oxide    C"0. 

Carbonic  tetrachloride  . . .  C^^Cl^. 

Marsh-gas   C^^H^. 

Chloroform    Ci^HCL. 


Occurrence. — In  large  quantities  in  nature,  but  chiefly  in 
combination. 

Manufacture. — Bj'  the  carbonization  of  animal  and  vegetable 
matters. 


COMPOUNDS  OF  G ABB  ON  WITH  OXTGBN, 

CARBONIC  ANHYDRIDE. 
CO,. 

Molecular  weight  =  44.  Molecular  volume  I  I  I.  1  litre 
weighs  22  criths.  Fuses  at— ^1°,  Boils  helow  its  melting- 
point. 

Occurrence. — -In  the  atmosphere,  and  dissolved  in  water. 
Formation. — By  the  combustion  of  carbon  and  of  carbona- 
ceous substances  in  air  or  oxygen.   In  respiration,  decay,  putre- 
faction, and  fermentation.     During  the  formation  of  coal. 
E7olved  from  volcanoes. 

Breparation. — 1.  By  burning  carbon  in  air  or  oxygen : — 

c    +    O,    =  CO, 

Carbonic 
anhydride. 

D  5 
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2.  By  the  action  of  acids  upon  metallic  carbonates : — 
COKo,    +    SO3H0,    =    CO,    +    OH,    +  SO.Ko,. 

Potassic  Suli^huric  acid.  Carbonic  Water.  Potassic 

carbonate.  anhydride.  sulphate. 

COKoHo    +    NO.Ho    =    CO,    +    OH,   +  NO,Ko. 

Hydric  potasaic  Nitric  acid.  Carbonic  Water.  Potassic 

carbonate.  anhydride.  nitrate. 

COCao"    +    2HC1    =    CO,    +    OH,    +  CaCl,. 

Calcic  Hydrochloric         Carbonic  Water.  Calcic 

carbonate.  acid.  anhydride.  chloride. 

Reactions. — 1.  Carbonic  anbydride  is  decomposed  by  heated 
potassium : — 

SCO,    +    2K,    =    2COK0,    +  C. 

Carbonic  anhydride.  Potassic  carbonate. 

2.  It  acts  upon  metallic  hydrates,  forming  carbonates : — 
CO,     +     2KHo    =    COKo,    +  OH,. 

Carbonic  anhydride.     Potassic  hydrate.   Potassic  carbonate.  Water. 

CO,    +    CaHo,    =    COCao"    +  OH,. 

Carbonic  Calcic  Calcic  Water, 

anhydride.  hydrate.  carbonate.  ^ 

Carbonic  acid,  COHo,,  is  not  known. 


CARBONIC  OXIDE, 
CO. 

Molecular  weight  =28.     Molecular   voltme   {"yi-    1  litre 
loeighs  14  criths. 

Formation. — In  the  combustion  of  carbon  or  carbonaceous 
matter  with  a  limited  supply  of  air.  In  destructive  distilla- 
tion of  many  organic  substances  containing  oxygen. 

Prejparation. — 1.  Bypassing  carbonic  anhydride  over  red-hot 
charcoal : — 

CO,    +    C    =  2C0. 

Carbonic  anhydride.  Carbonic  oxide. 
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2.  By  passing  carbonic  anhydride  over  red-hot  iron : — 

Carbonic  anhydride.  Triferric  tetroxide.        Carbonic  oxide. 

3.  By  heating  iron  or  carbon  with  a  carbonate : — 

COCao"  +  C  =  CaO  +  2C0. 

Calcic  carbonate.  Lime.      Carbonic  oxide. 

4.  By  heating  oxalic  acid  with  sulphuric  acid  (by  which  water 
is  removed  from  the  former),  and  then  separating  the  carbonic 
anhydride  by  washing  with  sodic  hydrate : — 

r  COHo  _  OH  +  CO     +  CO 
ICOHo  '  t  -i-  v^^2- 

Oxalic  acid.        Water.         Carbonic  Carbonic 

oxide.  anhydride. 

5.  By  heating  formic  acid  or  a  formate  with  sulphuric  acid : — 

{cOHo    =  +  CO. 

Formic  acid.  Water.  Carbonic  oxide. 

6.  By  heating  potassic  ferrocyanide  with  sulphuric  acid: — 
WCeN^K,    +    60H,    +    6SO,Ho,     =  6C0 

Potassic  ferrocyanide.  Water.  Sulphuric  acid.  Carbonic  oxide. 

+  2SO,E:o,    +    SO.Feo"  +  3S0,(NH,0),. 

Potassic  sulphate.        Ferrous  sulphate.         Ammonic  sulphate 

Beactions. — 1.  It  burns  in  air  and  oxygen,  producing  car- 
bonic anhydride : — 

CO  +  O  =  CO,. 

Carbonic  Carbonic 
oxide.  anhydride. 

2.  Carbonic  oxide  and  chlorine  unite  under  the  influence  of 
light  (p.  30),  forming  carhonic  oxydichloride  or  jphosgene  gas, 
COG\. 

The  compounds  of  carbon  with  chlorine,  nitrogen,  and  hy- 
drogen will  be  studied  in  connexion  with  organic  compounds. 
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NITROGEN. 


CHAPTER  XII. 

PENTAD  ELEMENTS. 

Section  I. 

NITROGEN,  Azote,  N,. 

Atomic  weight  =14.  Molecular  weight  =  28.  Molecular  volume 
I  I  |.  1  Ut7^e  weighs  14  critJis.  Atomicity  ^,  wMcJi,  hy 
the  mutual  saturation  of  'pairs  oflonds,  hecomes  reduced  to 
"'  or  to  '  (see  p.  20).    JEvidence  of  atomicity : — 

Nitrous  oxide   O^a- 

Ammonia    W'Hg 

Ammonic  chloride   N^H^Cl. 

Occurrence. — In  the  free  state  in  the  atmosphere.  In  some 
nebulse  ?    In  combination,  in  animal  and  vegetable  bodies. 

Preparation, — 1.  By  burning  phosphorus  in  air,  whereby 
the  oxygen  is  removed  from  the  latter. 

2.  By  passing  air  over  ignited  copper,  when  the  oxygen 
unites  with  the  copper. 

3.  By  heating  ammonic  nitrite,  or  a  mixture  of  ammonic 
chloride  with  potassic  or  sodic  nitrite : — 

N"'0(]N'^H,0)    =    JN",    +  2OH3. 

Ammonic  nitrite.  Water. 

NH.Cl    +    NONao    =    NaCl    +    JST,    +  IQTS.^. 

Ammonic  chloride.      Sodic  nitrite.        Sodic  chloride.  Water. 

4.  By  passing  chlorine  through  an  excess  of  solution  of 
ammonia : — 


8NH3    +    3C1,    =    6NH,C1    +  N,. 

Ammonia.  Ammonic  chloride. 


NITRIC  ACID. 
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OXIBUS  AJSTD  OX- ACIDS  OF  NITROGEN. 

Nitrous  oxide   ON^.  ©-®-® 

fNO  ® 
Nitric  oxide*   i  ivrn-  M  II 

©-© 

fNO  0  0 

Nitrous  anhydride         s  O    •  II  II 

Ino  (n>-0-© 

f  NO  ®=('^0=® 
Nitric  peroxide   |  j^q^  X 

I      "  ©=0=0 

fNO,      y  ^  Y 

Nitric  anhydride    <  O     .  ®~®~® 

LNO,  II  11 

©  © 

Nitrous  acid    NOHo.  ®=®-®-0 

0 

II 

Nitric  acid   NO^Ho.  ®-®-® 

© 


NITRIC  ACID,  Aquafortis. 
NO.Ho. 

Molecular  weight  =63.  Molecular  volume  \  \  \.  1  litre 
of  nitric  acid  vapour  weighs  31*5  criths.  Fuses  at  — 50°. 
Boils  at  84°'5. 

*  This  compound  is  anomalous ;  for  its  molecule,  deduced  from  the  spe- 
cific gravity,  is  represented  by  NO.    The  dissociation  which  in  the 

case  of  I  jJo^     '^^ry  imperfect  at  0°  C,  but  almost  complete  at  100°  C, 

is  probably  nearly  complete  in  the  case  of  'NJ^.^&t  the  lowest  temperature  to 
which  this  gas  has  hitherto  been  exposed. 
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NITRIC  ACID. 


Production. — 1.  By  the  slow  oxidation  of  nitrogenized  orga- 
nic matter  in  tlie  presence  of  powerful  bases. 

2.  By  the  passage  of  electric  sparks  through  moist  air. 

Manufacture. — By  distilling  potassic  nitrate  (nitre)  or  sodic 
nitrate  (cubic  nitre)  with  concentrated  sulphuric  acid : — 

NO.Ko    +    SO.Ho,    =    SO.HoKo    +  NO.Ho. 

Potassic  Sulphuric  Hydric  potasaic  Nitric  acid, 

nitrate.  acid.  sulphate. 

By  employing  two  molecules  of  potassic  nitrate  and  one  of 
sulphuric  acid  a  saving  of  sulphuric  acid  is  effected,  but  a 
higher  temperature  is  required,  which  destroys  some  of  the 
nitric  acid.    The  reaction  takes  place  in  two  stages : — 

1.  2NO,Ko    +    SO.Ho,    =  SO.HoKo 

Potassic  nitrate.         Sulphuric  acid.     Hydric  potassic  sulphate. 

+    NO.Ko    +  NO.Ho: 

Potassic  nitrate.  Nitric  acid. 

2.  SO.HoKo    -f    NO.Ko    =    SO.Ko,    +  NO.Ho. 

Hydric  potassic  sulphate.    Potassic  nitrate.      Potassic  sulphate.         Nitric  acid. 

Decompositions. — 1.  The  decomposition  which  the  nitric 
acid  undergoes  by  heat  is  expressed  in  the  following  equa- 
tion : — 

4NO,Ho    =    20H,    +    2'N,ivo^    +  o,. 

Nitric  acid.  Water.  Nitric  peroxide.  Oxygen. 

2.  By  the  action  of  metallic  oxides  or  hydrates,  nitric  acid 
produces  nitrates : — 


OKH    +    NO.Ho    =    NO.Ko    +  OH. 

*otassic  E 

fNO. 


2-^    "  ^2 

Potassic  hydrate.       Nitric  acid.  Potassic  nitrate.  Water. 


PbO    +  2NO,Ho 


Pbo''  +  OH,. 
NO, 

Plumbic  oxide.         Nitric  acid.       Plumbic  nitrate.  Water. 


NITROUS  ACID. 
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NITRIC  ANHYDRIDE. 

Prohahle  molecular  weight  =108.    Probable  molecular  volume 
m»    ^ses  at  29°'5.    Soils  at  45°. 
Preparation. — By  passing  dry  chlorine  over  argentic  ni- 
trate : — 

4NO,Ago    +    2C1,    =    4AgCl    +  +  O,. 

Argentic  nitrate.  Argentic  Nitric 

chloride.  anhydride. 

"Reaction. — By  the  action  of  water  it  forms  nitric  acid : — 
N,0,       -f-       OH,       =  2NO,Ho. 

Nitric  anhydride.  Water.  Nitric  acid. 

NITROUS  ANHYDRIDE. 

Probable  molecular  weight  =76.    Probable  molecular  volume 

Preparation. — 1.  By  heating  together  nitric  acid  and  starch. 

2.  By  gently  heating  nitric  acid  with  arsenious  anhydride : — 

AsP3    +    2NO,Ho    ==    As^O,    +    N,03    +  OH,. 

Arsenious  Nitric  acid.  Arsenic  Nitrous  Water, 

anhydride.  anhydride.  anhydride. 

3.  By  the  action  of  nitric  acid  on  silver: — 

6NO,Ho    +    2Ag,    =    4NO,Ago    +    N^Og    +  30H,. 

Nitric  acid.  Argentic  nitrate.     Nitrous  anhydride.  Water. 

NITROUS  ACID. 
NOHo. 

Molecular  weight  =47. 

Preparation. — By  mixing  liquefied  nitrous  anhydride  with 
a  small  quantity  of  water : — 

N,03      +      OH,     =  2NOH0. 

Nitrous  anhydride.  Water.  Nitrous  acid. 
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Decompositions, — 1.  In  the  presence  of  mucli  water,  nitric  acid 
and  nitric  oxide  are  formed  : — 

6NOH0     =     2NO,Ho     +     2'N",0,     +  20H,. 

Nitrous  acid.  Nitric  acid.  Nitric  oxide.  Water. 

2.  Nitrous  acid  acts  as  a  reducing  agent  under  some  circum- 
stances : — 

2NOH0    +  =  2NO,Ho; 

Nitrous  acid.  Nitric  acid. 

and  as  an  oxidizing  agent  under  others : — 

4NOHo    =   2'-N"fi,    +    20H,    +  O,. 

Nitrous  acid.  Nitric  oxide.  Water.  Oxygen. 

3.  By  the  action  of  metallic  oxides  or  hydrates,  nitrous  acid 
forms  nitrites : — 

OKH      +       NOHo       =       NOKo       +  OH,. 

Potassic  hydrate.  Nitrous  acid.  Potassic  nitrite.  Water. 


NITROUS  OXIDE,  Laughing  Gas. 
ON,. 

Molecular  weight  =  44.     Molecular  volume  [~]~|«     1  litre 
weighs  22  criths.    Fuses  at  —101°.    Boils  at  —88°. 

Preparation. — 1.  By  the  action  of  dilute  nitric  acid  on  zinc : — 

N0„ 

lONO.Ho    +    Zn^    =    ON,    +  4  " 


Zno"  +50H,. 
NO, 

Nitric  acid.  Nitrous  oxide.      Zincic  nitrate.  Water. 

2.  By  heating  ammonic  nitrate  : — 

NO,(N'H,0)  =    20H,    +  ON,. 

Ammonic  nitrate.  Water.  Nitrous  oxide. 


OXIDES  OF  NITROGEN. 
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NITRIC  OXIDE. 

1  NO'  ^' 
Molecular  weight  =60.     Molecular  volume  anomalous 
1  litre  weighs  15  criths. 

Preparation. — By  tlie  action  of  nitric  acid  upon  mercury  or 
copper : — 

fNO. 


3Cu    +    8NO,Ho    =  3 


2 

Nitric  acid. 


Cuo"   +   'N';0,    +  40H,. 

NO2  Nitric  oxide.  Water. 


Cupric  nitrate, 

Beaction. — Unites  directly  with  oxygen : — 

2'H"A  +  o,  =  2ra-";03: 

'  Nitric  oxide.  Nitrous 

anhydride. 

'N",0,    +    0,    =  'W\0,.^ 

Nitric  oxide.  Nitric  peroxide. 


NITEIC  PEROXIDE. 

Molecular  weight  =46  to  92.    Molecular  volume  m  to  

1  litre  weighs  23  to  46  criths. 

Preparation. — 1.  By  the  union  of  nitric  oxide  with  oxygen 
(see  above). 
2.  By  the  action  of  nitric  acid  upon  tin  : — 

Sn,  +  20NO,Ho  =  Sn,0,Ho,,  +  50H,  +  IOW',0,. 

Nitrip  acid.  Metastannic  acid.        Water.         Nitric  peroxide. 

Decomposition. — By  the  action  of  metallic  hydrates  and 
oxides  it  produces  nitrites  and  nitrates : — 

'N%0,    +    20KH    =    NO.Ko    +    NOKo    +  OH,. 

Nitric  Potassic  Potassic  Potassic  Water, 

peroxide.  hydrate.  nitrate.  nitrite. 
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COMFOUJSTDS  CONTAimNG  NITBOGEN,  CRLO- 
BINE,  AND  OXYGEN. 

NITROUS  OXYCHLORIDE,  Chloronitrous  Gas. 

NO  CI. 

Molecular  weight  =65'5.     Molecular  volume  1  I  I.     1  litre 
weiglis  32*75  critJis.    Boils  at  0°  C. 

A  mixture  of  nitric  and  hydrochloric  acids  possesses  the 
property  of  dissolving  gold,  and  is  therefore  called  aqua  regia ; 
when  heated  it  evolves  chlorine  and  nitrous  oxychloride : — 

NO,Ho    +    8HC1    =    NOCl    +    20H,    +  CI,. 

Nitric  acid.         Hydrochloric  Nitrous  Water, 

acid.  oxychloride. 

NITRIC  DIOXY-TETEACHLOEIDE,  Chloronitric  Gas. 

'N,"0,C1.. 

Prepared,  together  with  nitrous  oxychloride,  by  heating  a 
mixture  of  nitric  and  hydrochloric  acids  : — 

2NO,Ho    +    6HC1    =    'N-,0,C1,    +    40H,    +  CI.,. 

Nitric  acid.       Hydrochloric  acid.     Chloronitric  gas.  Water. 

NITRIC  DIOXYCHLORIDE,  Chloropernitric  Gas. 

NO.Cl. 

Preparation. — By  mixing  phosphoric  oxy trichloride  and 
plumbic  nitrate  : — 

fNO, 

3  \  Pbo"    +  2POI3O  =    P,0,Pbo"3    +  6W0,C1. 

[no. 

Plumbic  nitrate.         Phosphoric  Triplumbic  Nitric 

oxytrichloride.  diphosphate.  dioxychloride. 


AMMONIA. 
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COMPOUNDS  OF  NimOGHN  WITH  RYDBOGHN, 

AMMONIA. 
NH3. 

Molecular  weigJit  =17.    Molecular  volume  |  |  |.    1  litre  weighs 
8-5  criths.    Fuses  at  —75°.    Boils  at  — 38°-5. 

Occurrence. — In  the  atmospliere  in  very  minute  quantities. 

Formation. — By  the  decay  of  animal  and  vegetable  matters 
containing  nitrogen. 

Manufacture.  —  By  the  destructive  distillation  of  animal 
matter,  as  horn  or  bones,  and  of  vegetable  matter,  as  coal. 

Preparation. — By  heating  a  mixture  of  lime  and  ammonic 
chloride  (sal-ammoniac)  : — 

2NH,C1    -f-    CaO    =    CaCl^    +    2NH3    +  OH,. 

Ammonic  Lime.  Calcic  Ammonia.  Water, 

chloride.  chloride. 

Reactions. — 1.  Decomposed  by  chlorine  (see  p.  60). 
2.  Unites  directly  with  acids,  forming  the  ammonium  salts  in 
which  the  atomicity  of  nitrogen  is  ^ : — 

N"'H3      +      HCl      =  N'H.Cl. 

Hydrochloric  acid.        Ammonic  chloride  *. 

N"'H3      +    N^O.Ho    =  N'0,(N^H40). 

Nitric  acid.  Ammonic  nitrate  f. 

2N"H3      +    SO.Ho,    =  SO,(N^H,0),. 

Sulphuric  acid.  Ammonic  sulphate  J. 

0  @  (0) 

0   0  ©       ©  © 

©  (0)  © 

I  (H^(^_(o>(^_0_(i)_0 
/    \  II  /  \ 

.     ©    ©         ©       ©  © 
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AMMONIC  AMALGAM. 


AMMONIUM. 

This  monad  radical  has  never  been  obtained  in  the  free  state, 
but  its  compounds  are  perfectly  analogous,  in  crystalline  form 
and  other  properties,  to  those  of  potassium.  These  facts 
have  induced  some  chemists  to  consider  the  group  NH^  as  a 
metal,  to  vs^hich  they  have  given  the  name  ammonium — an  hypo- 
thesis which  is  considered  to  receive  support  from  the  production 
of  an  unstable  amalgam  of  this  radical.  All  the  compounds  of 
mercury  vt^ith  metals  are  found  to  possess  metallic  lustre ;  and 
this  is  also  the  case  with  the  amalgam  of  ammonium.  It  may 
be  prepared  by  two  different  processes. 

1.  If  a  solution  of  ammonic  chloride  be  electrolyzed,  the 
negative  electrode  being  mercury  and  the  positive  a  platinum 
plate,  the  mercury  is  observed  to  swell  up,  owing  to  the  forma- 
tion of  a  spongy  metallic  mass. 

2.  By  preparing  an  amalgam  of  potassium  or  sodium,  and 
pouring  it  into  a  slightly  warmed  solution  of  ammonic  chloride, 
the  amalgam  is  found  to  swell  enormously,  potassic  or  sodic 
chloride  being  simultaneously  formed : — 

HgnNan,    +    mNH4Cl    =    Hgn(N-H,V    +  mNaCl. 

Sodic  amalgam.       Ammonic  chloride.        Ammonic  amalgam.  Sodic  chloride. 

Ammonic  amalgam  rapidly  decomposes  into  mercury,  am- 
monia, and  hydrogen,  the  ammonia  and  hydrogen  being  liberated 
in  the  proportions  of  2NII3  to      : — 

2Hgn(NvH,)n,    =    2nHg    +    2mNH,    +  mH,. 

Ammonic  amalgam.  Mercury.  Ammonia. 

Ammonium  plays  the  part  of  a  compound  monad  radical,  and 
its  salts  are  isomorphous  with  those  of  potassium ;  they  are 
all  volatile,  unless  the  acid  from  which  they  are  derived 
be  fixed. 


SULPHUR. 


69 


COMPOUND  OF  NITBOGEJSr  WITH  CRLOBINE. 

NITROUS  CHLORIDE. 

•    _  NCI3  ? 

Preparation.  —  By  the  action  of  chlorine  upon  amnionic 
chloride  :— 

N^H.Cl    +    3C1,    =    N"'Cl3    +  4HC1. 

Ammonic  chloride.  Nitrous  chloride.    Hydrochloric  acid. 

The  formula  of  this  compound  is  not  fixed  with  certainty ;  it 
may  contain  hydrogen,  and  it  is  possible  that  the  two  compounds 
intermediate  between  ammonia  and  nitrous  chloride  may  exist: — 

NH3,   NH^Cl,   NHCl,,  NCI3. 

COMPOUND  OF  NITBOGJEN  WITH  IODINE  AND 

SYDBOGEN 

NITROUS  HYDRODINIOBIDE. 

Preparation. — By  the  action  of  ammonia  on  iodine  a  brown 
substance  is  obtained,  which  has  the  composition  NHI^.  It  is 
formed  according  to  the  following  equation  :— 

3NH3    +    21,    =    NHI,    +  2NHJ. 

Ammonia.  Nitrous  Ammonic 

hydrodiniodide.  iodide. 


CHAPTER  XIII. 

HEXAD  ELEMENTS. 

Section  I. 
SULPHUR,  S,. 

Atomic  weight  =32.  Molecular  weight  =64.  Molecular  volume 
fj~\  at  1000°  C,  hut  only  one-third  of  this  at  its  hoiling- 


70 


COMPOUNDS  OF  SULPHUR. 


point.  1  litre  of  sulphur  vapour  weighs  32  criths.  Atomi- 
city "     and       Evidence  of  atomicity : — 

Hydrosulpliuric  acid    S"H2. 

Triethylsulphine  iodide    S^^Etgl. 

Sulpliuric  dioxydichloride    S^^OgClg. 

Sodic  nitrosulphate   S^50(NO)2]S'a02. 

Occurrence. — Eound  in  the  free  state  in  volcanic  districts, 
and  widely  diffused  in  combination  with  metals  and  oxygen,  as 
sulphides  and  sulphates. 

Manufactured  from  native  sulphur,  and  from 

Iron  pyrites   FeS''^, 

Copper  pyrites   (FeCu)S2". 

Character. — Sulphur  is  capable  of  existing  in  several  allo- 
tropic  forms,  of  which  the  following  are  the  most  important: — 

Condition.  Specific  gravity.     Behaviour  with  bisul- 

^        o       J  pnide  of  carbon. 

a.  Octohedral    2*05  Soluble. 

/3.  Prismatic    1*98  Transformed  into  a. 

y.  Plastic    1"95  Insoluble. 

^.  Powder    1*95  Insoluble. 

When  united  exclusively  with  basylous  elements  or  radicals, 
sulphur  is  almost  invariably  a  dyad ;  and  it  is  then  the  analogue 
of  oxygen,  as  will  be  seen  from  the  following  formulae : — 

Oxygen  compounds  ...  OK^,  OKH,  CO^,  COKoa. 
Sulphur  compounds...  SK,,  SKH,  CS,",  CSKs,. 


COMPOUNDS  OF  SULPHUR  WITH  JBASYLOUS 
OB  POSITIVE  ELEMENTS. 

Sulphuretted  hydrogen    SHj. 

Hydrosulphyl    'S'gH^,  or  Hs^. 

Carbonic  disulphide    CSj".  . 


SULPHURETTED  HYDROGEN. 
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SULPHURETTED  HYDROGEN,  Hydrosulphuric  Acid, 

SulpJihydric  Acid. 

SH,.  ©-©-© 
Molecular  weiglit  =34.  Molecular  volume  \  \  \.    1  litre  weighs- 
17  critJis.    Solid  at  —  85°"5  C.    Liquid  umder  a  pressure 
of  17  atmospTieres  at  10°  C. 

Occurrence. — Evolved  with  other  gases  from  volcanoes  and 
fiimaroles.  Pound  also  in  hepatic  mineral  waters,  and  frequently 
in  waters  which  contain  both  organic  matters  and  sulphates. 

Fr&paration. — 1.  By  direct  union  of  its  elements : — 

H,    +    S    =  SHg. 

2.  By  the  action  of  hydrochloric  or  dilute  sulphuric  acid  on 
ferrous  sulphide : — 

FeS"    +    2HC1    =    SH,    +  FeCl,. 

Ferrous  Hydrochloric      Sulphuretted  Ferrous 

sulphide.  acid.  hydrogen.  chloride. 

FeS"    +    SO^Ho,    =    SH,    +  SO^Feo". 

Ferrous  Sulphuric  Sulphuretted  Ferrous 

sulphide.  acid.  hydrogen.  sulphate. 

3.  By  the  action  of  hydrochloric  acid  on  antimonious  sulphide 
with  the  aid  of  a  gentle  heat : — 

Sb^Sg"    +    6HC1    =    3SH,    +  2SbCl3. 

Antimonious         Hydrochloric        Sulphuretted  Antimonious 
sulphide.  acid.  hydrogen.  chloride. 

Reactions. — 1.  It  is  immediately  decomposed  by  chlorine, 
thus : — 

SH,    +    CI,    =    2HC1    4-  S. 

2.  It  is  also  rapidly  decomposed  by  many  metallic  compounds 
rich  in  oxygen,'  such  as  ferric  oxide  : — 

'Fe;"03  +  3SH,     =     2FeS"    +    S    +  30H,. 

Ferric  oxide.      Sulphuretted  Ferrous  Water. 

hydrogen.  sulphide.  ' 

3.  The  sulphhydrates  and  sulphides  of  the  metals  are  produced 
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COMPOUNDS  OF  SULPHUR. 


by  the  action  of  hydrosulphuric  acid  on  the  hydrates  and 
oxides,  thus : — 

OKH    +    SH,    =    SKH    +  OH,. 

Potassic  Sulphuretted         Potassic  Water, 

hydrate.  hydrogen.  sulphhydrate. 


BaHo,    +    2SH,    =  BaHs, 

Baric  hydrate.       Sulphuretted  Baric 

hydrogen.  sulphhydrate. 


+  20H, 


Water. 


OA&    +    SH,  = 


Argentic 
oxide. 


Sulphuretted 
hydrogen. 


CuO    +    SH,  = 


Cupric 
oxide. 


Sulphuretted 
hydrogen. 


SAg,  +  OH,. 

Argentic  Water, 
sulphide. 

CuS"  +  OH,. 

Cupric  Water, 
sulphide. 


HYDROSULPHYL,  Hydric  PersulpUde. 
'S,'H„  or  Hs,. 

Prohable  molecular  weight  =66.    Sp.gr.  1'769. 

Preparation. — By  pouring  a  solution  of  calcic  disulphide 
into  hydrochloric  acid  : — 

's;ca"    +    2HC1  's;h,    +  CaCl,. 

Calcic  disulphide.       Hydrochloric  acid.  Hydrosulphyl.  Calcic  chloride. 

Character. — It  is  the  analogue  of  hydroxyl  in  composition 
and  functions. 


CARBONIC  DISULPHIDE,  Bisulphide  ofCarlon. 

cs,. 

Molecular  weight  =76.    Molecular  volume  QZl*        litre  of 
carbonic  disulphide  vapour  weighs  38  criths.  Specific  gravity 
1-26.    Boils  at  4^^". 


SULPHO-CARBONIC  ACID. 
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Preparation. — 1.  By  passing  sulphur  over  strongly  ignited 
charcoal : — 

C    +    S,    =  CS'V 

Carbonic 
disulphide. 

2.  By  heating  together  charcoal  and  iron-  or  copper-py- 
rites : — 

C       +       2FeS",       =       CS",       +  2FeS". 

Iron  pyrites.  Carbonic  Ferrous 

Ferric  disulphide.  disulphide.  sulphide. 

Decompositions. — 1.  Heated  potassium  burns  in  the  vapour 
of  carbonic  disulphide,  with  formation  of  potassic  sulphide  and 
liberation  of  carbon : — 

CS",       -f       2K,     =       2SK,       +  C. 

Carbonic  disulphide.  Potassic  sulphide. 

2.  When  brought  into  contact  with  a  solution  of  an  alkaline 
hydrate,  carbonic  disulphide  is  decomposed,  a  carbonate  and  a 
sulpho-carbonate  being  formed  : — 

60KH    +  =    2CS"Ks,   -f   COKo,  + 

Potassic  Carbonic  Potassic  Potassic  Water, 

hydrate.  disulphide.         sulpho-carbonate.  carbonate. 

3.  In  contact  with  solutions  of  alkaline  sulphides,  carbonic 
disulphide  abo  forms  alkaline  sulpho-carbonates  : — 

SK,      4-       CS",      =  CS"Ks,. 

Potassic  sulphide.      Carbonic  disulphide.      Potassic  sulpho-carbonate. 


SULPHO-CARBONIC  ACID. 

CS"Hs,. 

Preparation. — By  the  action  of  hydrochloric  acid  on  ammonic 
sulpho-carbonate: — 

CS"(NH,S),    -f    2HC1    =    CS"Hs,    +  2NH,C1. 

Ammonic  Hydrochloric      Sulpho-carbonic  Ammonic 

sulpho-carbonate.  acid.  acid.  chloride. 

E 
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SULPHUR  COMPOUNDS. 


Sulphuric  anhydride    SO3. 


OOMPOUNBS  OF  SULPHUR  WITH  OXYGEN  AND 

HYDEOXTL. 

In  these  compounds  the  sulphur  is  either  a  dyad,  a  tetrad,  or 
a  hexad. 

Sulphurous  anhydride   SOg. 

© 

Sulphurous  acid    SOHo,  ^^^^^^ 

© 
©=©=© 

Sulphuric  acid.    {Hydric  1  sq.Ho,.  ©-®-®-®-® 
sulpJiate.^   J  II 

0 
®  ® 

Nordhausen  sulphuric  r  SOgHo  II  II 

acid.    {Bihydric  di-  .  ©-®-®-®-®-®-® 

sulphate.)    I  SO.Ho  ^  ^ 

® 

Hyposulphurous  acid.  ^     |  sg'^oHo,.  C^-®-(^-®-(h) 
(SulpJiosulpJiuric  acid.)  J  II    ^  ^-^ 

© 
©  © 

©  © 
©  © 

Trithionic  acid.  (Sul 


phodithionic  acid.). 


(  SO,Ho 

s"     .  ®-®-®-®-®-®-© 


SO,Ho 


®  ® 


i 
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Tetrathionic     fSO  Ho  ®  ® 

acid.    {Bi- 1  s"  ^  (5)-c^-(i^-(i)-r?)_fi)_r^-(^ 

onic  acid.) ...  I  SO^Ho  Q  Q 


Pentathionic 
acid.  {Tri- 

suiphodi-  i  s;;    .  ®-©-©-©-©~©-©-©-® 

  tSO,Ho  ©  © 


SULPHUROUS  ANHYDRIDE. 

Molecular  weight  =64.   Molecular  volume  \  \  |.    1  Zi^re  iveigJis 
32  criths.  Solid  at  —  7  0°.  Liquid  under  the  pressure  of  two 
atmospheres  at  7°  C. 

Occurrence. — 1.  As  a  volcanic  product. 

2.  In  the  air  of  towns. 

3.  Evolved  in  tlie  roasting  of  copper  pyrites  and  otber  sul- 
phureous ores. 

Preparation. — 1.  By  the  combustion  of  sulphur  in  air  or  in 
oxygen: — 

S       +       O,       =  SO,. 
2.  By  heating  sulphuric  acid  with  copper  or  mercury : — 
2SO.,Ho,    +    Cu    =    SO,    +     SO.Cuo"  +  20H,. 

Sulphuric  acid.  Sulphurous  Cupric  sulphate.  Water. 

anhydride. 

2SO,Ho,  +  Hg    =    SO,     +     SOJigo"    +  20H,. 

Sulphuric  acid.  Sulphurous  Mercuric  sulphate.  Water. 

anhydride. 


3.  By  heating  charcoal  with  sulphuric  acid 


2SO,Ho,  +  C    =    2S0,     +     CO,    +  20H,. 

Sulphuric  acid.  Sulphurous  Carbonic  Water. 

anhydride.  anhj^dride. 

E  2 
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SULPHUROUS  ANHYDRIDE. 


4.  By  heating  a  mixture  of  about  three  parts  by  weight  of 
sulphur  (two  atoms)  with  four  of  manganic  oxide  (one  atom)  : — 

+    MnO,       =       SO,       +  MnS". 

Manganic  oxide.      Sulphurous  anhydride.     Manganous  sulphide. 

Reactions. — 1.  Dissolved  by  water,  producing  an  acid  liquid 
which,  when  cooled  to  0°,  deposits  white  cubical  crystals  of 
sulphurous  acid : — 

SO,       +       OH,       =  SOHo,. 

Sulphurous  anhydride.  Water.  Sulphurous  acid. 

2.  Sulphurous  anhydride,  when  passed  into  solutions  of  the 
metallic  hydrates,  produces  sulphites.  If  the  sulphurous  anhy- 
dride be  in  excess,  an  acid  sulphite  is  obtained : — 

OKH        +       SO,       =  SOHoKo. 

Potassie  hydrate.      Sulphurous  anhydride.      Hydrie  potassic  sulphite. 

3.  If  the  metallic  hydrate  be  in  excess,  the  normal  sulphite  is 
formed,  thus : — 

20KH       +       SO,    =       SOKo,       +  OH,. 

Potassic  hydrate.      Sulphurous  anhydride.   Normal  potassic  Water. 

sulphite. 

4.  Sulphurous  acid,  when  acted  upon  by  metallic  hydrates, 
pi  oduces  the  same  salts : — 

OKH    +    SOHo,    =    SOHoKo    +  OH^: 
20KH    +    SOHo,    =    SOKo,       +  20H,. 

5.  Sulphurous  anhydride,  when  passed  over  metallic  peroxides, 
produces  sulphates : — 

PbO,       +       SO,       =  SO,Pbo". 

Perplumbic  oxide.      Sulphurous  anhydride.       Plumbic  sulphate. 

Detection. — Sulphites  are  recognized  by  the  pungent  odour 
of  sulphurous  anhydride  which  they  evolve  on  the  addition  of 
a  strong  acid,  such  as  sulphuric  acid : — 

SOKo,    +    SO,Ho,    =    SO,Ko,    +    SO,    +  OH^. 

Potassic  Sulphuric  Potassic  Sulphurous  Water, 

sulphite.  acid.  sulphate.  anhydride. 


SULPHURIC  ANHYDRIDE. 
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Wlien  solutions  of  sulphites,  are  mixed  with  solutions  of 
argentic  nitrate,  a  white  precipitate  of  argentic  sulphite  is 
formed : — 

SOKo,    +    2NO,Ago    =    SOAgo,    +  2NO,Ko. 

Potassic  Argentic  Argentic  Potassic 

sulphite.  nitrate.  sulphite.  nitrate. 

"When  this  argentic  sulphite  is  boiled  with  water,  it  becomes 
black,  owing  to  the  separation  of  metallic  silver : — 

SOAgo,    +    OH,    =    SO.Ho,    +  Ag,. 

Argentic  sulphite.         Water.  Sulphuric  acid. 


SULPHURIC  ANHYDRIDE. 
SO3. 

Molecular  weight  =  80.    Molecular  volume  I  I  I.    1  litre  of 
sulphuric  anhydride  vapou/r  weighs  40  criths.     Fuses  at 
24°-5.    Soils  at  52°-6. 
Preparation. — 1.  By  passing  a  mixture  of  sulphurous  anhy- 
dride and  oxygen  over  ignited  spongy  platinum: — 

SO,       +       O       =  SO3. 

Sulphurous  anhydride.  Sulphuric  anhydride. 

2.  By  heating  Nordhausen  sulphuric  acid : — 

rso.Ho 

0  =       SO,Ho,       +  SO3. 

^  SO,Ho 

Nordhausen  Sulphuric  acid.  Sulphuric 

sulphuric  acid.  anhydride. 

3.  By  heating  the  so-called  anhydrous  sodic  bisulphate 
(disodic  disulphate) : — 

SO„Nao 

O  =       SO.Nao,      +  SO3. 

^  SO.Nao 

Anhydrous  sodic  bisulphate  Sodic  sulphate.  Sulphuric 

(Disodic  disulphate).  anhydride. 
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SULPHURIC  ACID. 


4.  By  heating  sulphuric  acid  with  phosphoric  anhydride : — 
SO.Ho,    +    P.O.^    =    SO3    +  2PO,Ho. 

Sulphuric  Phosphoric        Sulphuric  Meta-phosphorio 

acid.  anhydride.        anhydride.  acid. 


SULPHURIC  ACID. 

SO.Ho,. 

Molecular  weight  =  98.    Molecular  volume 


Dissociation. 

1  litre  of  sulphuric  acid  vapour  weighs  24"5  criths.  Sp. 
gr.  1-85.    :Boils  at  325°. 

-1.  By  the  action  of  hydroxyl  upon  sulphurous 


SO.Ho,. 


Preparation. 
anhydride ; — 

+  Ho, 

Sulphurous  anhydride.        Hydroxyl.  Sulphuric  acid. 

2.  By  the  exposure  of  sulphurous  acid  or  metallic  sulphites  to 
air  or  oxygen : — 

0 


SOHo,  + 

Sulphuxous  acid. 

SONao,  + 

Sodie  sulphite. 


o 


SO.Ho, 

Sulphuric  acid. 

SO^Nao,. 

Sodic  sulphate. 


3.  By  the  addition  of  water  to  sulphuric  anhydride  : — 


SO3 

Sulphuric 
anhydride. 


4- 


Water. 


SO,Ho,. 

Sulphuric  acid. 


4.  By  the  action  of  nitric  peroxide  and  oxygen  on  sulphurous 
anhydride  and  subsequent  decomposition  by  water  of  the  white 
crystalline  compound  thus  produced  (Briining  and  De  la 
Provostaye) : — 

SO,(N^O,) 

2S0„       +      'N%0,    +  0 


Sulphurous 
anhydride 


Nitric 
peroxide. 


0 

SO,(N'Oj 

White  crystalline 
compound. 


] 


SULPHURIC  ACID. 
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O  '       '  +    20H,    =    2SO,Ho,  +  N,03. 
.SO,(N'0,) 

White  crystalline  Water.  Sulphuric  Tfitrous 

compound  *.  acid.  anhydride. 

In  the  manufacture  of  sulphuric  acid  on  the  large  scale,  the 
nitrous  anhydride  is  again  acted  on  by  water  and  transformed 
into  nitric  acid  and  nitric  oxide : — 

3N,03    +    OH,    =    2N0JI0    +  2'N\0,. 

Nitrous  Water.  Nitric  acid.  Nitric  oxide, 

anhydride. 

The  nitric  oxide  by  the  action  of  oxygen  reproduces  nitric 
peroxide,  which  is  then  ready  to  undergo  the  same  processes  a 
second  time.  The  nitric  acid  is  at  the  same  time  reduced  to 
nitric  peroxide  by  the  action  of  sulphurous  anhydride : — 

SO,    +    2NO,Ho    =    SO.Ho,    +  TT^O,. 

Sulphurous  Nitric  acid.  Sulphuric  Nitric 

anhydride.  acid.  peroxide. 

The  crude  sulphuric  acid  may  be  freed  from  traces  of  nitrous 
anhydride  (which  it  always  contains)  by  the  addition  of  some 
ammonic  sulphate : — 

SO,(NH,0),    -!-    N,03    =    SO.Ho,    +    30H,  +  N,. 

Ammonic  sulphate.  Nitrous  Sulphuric  Water. 

anhydride.  acid. 

Character. — Sulphuric  acid  forms  several  classes  of  salts : — 

© 

■^Sat^"*"'''"       }  SO,KoHo.  ©-©-(J)-©-© 


©  ©        ©  © 

II      II  II  M 

eh©-©-®-® 

II     II  II  u 

©  0    ©  © 


80  SULPHATES. 

Potassic  sulphate  ...  SO^Ko^.  ©-®-©-®-© 

©  © 

Anhydrous  sodic  bi-  C  SO^Nao  II  I J 

sulphate.  (JDisodic  j  O  '  .  ©HJ)-®-®-®-®--© 
disulphate.)    [SO^Nao  ^  ^ 

Zincic  sulphate   SO.Zno".  ^  ^© 

© 

Tetrabasic  zincic  sul-  \  Q  ®  Q 

phate.     (Dizincic  I  SOZno'^.  "^^^^ 
sulphate.)   J  ^"^0/^\0/^  ' 


Hexabasic  zincic  sul-  ^  ®:  ;© 

phate.  {Trizincic 
sulphate.)   


!^  SZno'V 


-® 

1 


©© 


Zn)^    \(Zn 


Crystallized     gyp-  -j  /®\  '  /® 

sum.  {Tetrahydric  \  SHo.Cao"-  ©^^^®^ 
calcic  sulphate.) . . .  '  v2/  S^^^ 


® 
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Gypsum  dried  at 
100°.  {Dihydric 
calcic  sulphate.) . . . 


SOHo^Cao". 


Gjpsum    dried  at 
260°.  (Calcic  sul-  \  SO.Cao". 
pliate.)   


© 
© 


\0/ , 


© 
© 

©® 

;® 


HYPOSULPHUROUS  ACID,  Sulphosulpliuric  Acid. 
SS"OHo,  (hypothetical). 

Preparation  of  Hyposulphites  {Hulphosulphates) . — 1.  Ey  boil- 
ing a  solution  of  sodic  sulphite  with  sulphur : — 

SONao,     +    S    =  Sa'CNao,. 

Sodic  sulphite.  Sodic  hyposulphite 

(Sodic  sulphosulphate). 

2.  By  exposure  of  an  alkaline  persulphide  to  the  air : — 


'S'Ca"    +    O,    =  SS"OCao". 


'CJ' 

Calcic  Calcic 
persulphide.  hyposulphite. 


Reaction. — The  hyposulphites,  when  acted  upon  by  acidt-i, 
evolve  sulphurous  anhydride,  whilst  sulphur  is  precipitated : — 

SS"ONao,  +    2HC1  =  2NaCl  +  OH,  +  S  +  SO,. 

Sodic  hyposulphite      Hydrochloric         Sodic  Water.  Sulphxirous 

(Sodic  sulpho-  acid.  chloride.  anhydride, 

sulphate). 

E  5 
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ACIDS  OF  SULPHUR. 


DITHIONIC  ACID,  Hyposulphuric  Acid. 

Preparation. — Powdered  manganic  oxide  is  suspended  in 
water  and  a  current  of  sulpliurous  anhydride  passed  through, 
the  liquid,  when  the  manganic  oxide  gradually  dissolves.  The 
solution  contains  manganous  dithionate  or  hyposulphate : — 

MnO,    -f-    2S0,    =  'Sv^O.Mno". 

Manganic  Sulphurous  Manganous 

oxide.  anhydride.  dithionate. 

This  solution  is  next  treated  with  baric  sulphide,  which  pre- 
cipitates manganous  sulphide,  baric  dithionate  existing  in  the 
solution : — 

'S^,0,Mno"     +     BaS"     =     MnS"     +  'S^.O.Bao". 

Manganous  dithionate.      Baric  sulphide.     Manganous  sulphide.       Baric  dithionate. 

By  adding  sulphuric  acid  to  a  solution  of  the  baric  dithio- 
nate, baric  sulphate  is  precipitated  and  dithionic  acid  remains 
in  solution : — 

'S^P^Bao"    +    SO.Ho,    =    SO^Bao"    +  'S^O.Ho^. 

Baric  Sulphuric  Baric  sulphate.  Dithionic  acid, 

dithionate.  acid. 


TEITHIONIC  ACID,  SuVphoditUonic  Acid, 
Sulphuretted  Hyposulphuric  Acid. 

SO^Ho 

S" 

SOgHO 

Preparation. — By  digesting  hydric  potassic  sulphite  with 
sulphur,  potassic  trithionate  and  potassic  hyposulphite  {sul- 
phosulphate)  are  formed : — 

rso.Ko 

S"  -f    SS"OKo,  +  30H,. 
^SO.Ko 

Hydric  potassic  Potassic  Potassic  Water, 

sulphite.  trithionate.  Hyposulphite. 


6SOK0H0  +  2S  =  2  ^ 


ACIDS  OF  SULPHUR. 
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The  two  salts  so  produced,  when  decomposed  by  hydrofluo- 
silicic  acid,yield  trithionic  acid,  sulphurous  acid,  and  sulphur:  — 


rso.Ko 

SS"OKo,  +  2  ^  S"  -f  SH.Si^^Fe  =  SK^Si^^F, 
^  SO3K0 

Potassic                Potassic  Hydrofluosilicic  Potassic 

hyposulphite.          trithionate.  acid.  siiicofluoride, 

SO,  Ho 

+  2  ^  S"  +    SOHo,    +  S. 


SO.Ho 

Trithionic  acid. 


Sulphurous 
acid. 


TETRATHIONIC  ACID,  Bisulphodithiomc  Acid, 
Bisulphuretted  HyposulpJiuric  Acid. 

rso.Ho 

S" 

1  S"  ' 
[SO^Ho 

Preparation. — When  iodine  is  added  to  baric  hyposulphite 
{sulpliosulphate^ ,  baric  iodide  and  baric  tetrathionate  are  pro- 
duced : — 


2SS"OBao"     +    L    =    BaL  + 


Baric  hyposulphite. 


2~1 

S"  I 

Bao". 

[so  J 

Baric  iodide.       Baric  tetrathionate . 


This  salt,  when  decomposed  by  sulphuric  acid,  yields  tetra- 
thionic  acid. 


PENTATHIONIC  ACID,  TrisulpTiodithionic  Acid, 
TrisulpTimetted  Hyposulphuric  Acid. 


< 


^SO,Ho 

S" 
S" 


■^SO^Ho 
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Preparation, — This  acid  is  obtained  by  tlie  action  of  hydro- 
sulphuric  acid  on  sulphurous  anhydride : — 

fSOgHo 


I  S" 

5SH2  +  5SO2  =  <!     S"  +  +  Sg. 

S" 

'  S02H0 

Sulphuretted        Sulphurous         t.    ^  ^.i.-    •      -j  itt  j. 

hydrogen.  anhydride.         Pentathionic  acid.  Water. 


SELENIUM,  Se,. 

Atomic  weight  =79.  Molecular  weight  =158.  Molecular  vo- 
lume 1  litre  of  selenium  valour  weighs  79  criths. 
Sp.gr.  4i'S.  Fuses  a  little  above  100°.  Boils  at  about  700°. 
Atomicity  ",     and       Evidence  of  atomicity : — 

Hydroselenic  acid   Se"H2. 

Selenious  chloride   Se^^Cl^. 

Selenic  acid    Se^^O^Hoa. 

Occurrence. — In  small  quantities  in  some  mineral  sulphides. 


COMPOUNDS  OF  SELFNIUM  WITH  HYDRO GFN. 

SELENIURETTED  HYDROGEN,  Hydroselenic  Acid. 

SeH,. 

Molecular  weight  =81.    Molecular  volume  \~\~\,    1  litre  weighs 
40'5  criths. 


Preparation. — By  the  action  of  hydrochloric  acid  upon  fer- 
rous selenide : — 

FeSe"    +    2HC1    =    SeH,    +  FeClj. 

Ferrous  selenide.     Hydrochloric      Hydroselenic     Ferrous  chloride, 
acid.  acid. 

Character. — Like  hydrosulphuric  acid,  it  produces  precipi- 
tates in  solutions  of  most  of  the  heavy  metals. 

There  are  two  chlorides  of  selenium :  'Se' CL  and  SeCl,. 


TELLURIUM. 
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COMPOUNDS  OF  SFLUWIUM  WITS  OXYGEN 
AND  HTDEOXTL. 

Selenious  anhydride   SeOg. 

Selenious  acid    SeOHo2. 

Selenic  acid    SeOallOg. 

These  bodies  closely  resemble  the  corresponding  sulphur 
compounds. 

Selenious  anhydride  is  formed  by  burning  selenium  in  oxy- 
gen :— - 

Se,    +    20^    =  2SeO,. 

Selenious 
anhydride. 

Selenious  acid  is  formed  by  dissolving  the  anhydride  in  boil- 
ing water  and  crystallizing. 

Potassic  seleniate  is  prepared  by  fusing  selenium  or  metallic 
selenides  with  nitre.  The  acid  is  obtained  by  transforming  the 
potassic  salt  into  a  plumbic  salt,  and  subsequently  decompo- 
sing the  latter  with  hydrosulphuric  acid. 


TELLURIUM,  Te,. 

Atomic  weight  =128.  Prdbahle  molecular  weight  =256.  Sp. 
gr.  6-2.  Fuses  at  490°-500°.  Atomicity  ",  and  Evi- 
dence of  atomicity : — 

Hydrotelluric  acid   Te"Il2. 

Tellurous  chloride   Te^^Cl^. 

Telluric  acid    Te^'O^Ho^. 

This  element  is  of  even  less  importance  than  selenium,  which 
it  closely  resembles. 
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BROMINE. 


The  following  compounds  are  known  : — 

Hydrotelluric  acid  {telluretted  hydrogen)  TeHg. 


Hypotellurous  chloride   TeClg. 

Tellurous  chloride    TeCl^. 

Tellurous  anhydride    TeOg. 

Telluric  anhydride   TeOg. 

Tellurous  acid   TeOHOa  ? 

Telluric  acid   TeO^Ho^. 


CHAPTEE  XIV. 

MON'AD  ELEMENTS. 

Section  II.  {continued  from  Chap.  VIII.). 

BROMINE,  Br2. 

Atomic  loeigJit  =  80.  Molecular  weiglit  =  160.  Molecular  vo- 
lume I  I  I.  1  litre  of  bromine  vapour  weighs  80  criths. 
Sp.  gr.  3-18.    Fuses  at  —20°.    Boils  at  63°.   Atomicity  '. 


Evidence  of  atomicity  : — 

Hydrobromic  acid    HBr. 

Potassic  bromide   KBr. 

Argentic  bromide    AgBr. 


Occurrence. — In  small  quantities  in  some  saline  mineral 
waters.    In  sea- water,  and  the  waters  of  the  Dead  Sea. 

Preparation. — 1.  By  the  treatment,  with  chlorine,  of  the 
mother-liquors  of  saline  waters  containing  bromides,  and  ex- 
tracting the  liberated  bromine  by  ether : — 

2KBr    -f    CI,    =    2KC1    -f  Br,. 

Potassic  bromide.  Potassic  chloride. 


HYDROBROMIC  ACID. 
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2.  By  heating  together  sulphuric  acid,  sodic  bromide,  and 
manganic  oxide : — 

2N'aBr    +    MnO^    +    2SO,Ho,    =  Br, 

Sodic  bromide.      Manganic  oxide.        Sulphuric  acid. 

4-    SO.lS'ao,    +    SO.Mno"    +  20K^. 

Sodic  sulphate.        Manganous  sulphate.  Water. 

Character. — Bromine  unites  with  several  metals  directly,  and 
with  great  energy.  Antimony  and  arsenic  burn  in  it  with  bril 
liancy. 

At  0°  bromine  combines  with  water,  forming  a  crystalline 
compound,  Br,,  lOOH,. 

HYDROBROMIC  ACID. 

HBr. 

Molecular  weigJit  =81.  Molecular  volume  |  |  |.  1  litre  of 
hydrohromic  acid  weighs  40*5  criths.  Fuses  at  —73°.  Boils 
at  -69°. 

Preparation. — 1.  By  passing  a  mixture  of  hydrogen  and 
bromine  vapour  through  a  rod-hot  tube,  or  by  burning  hydro- 
gen in  a  mixture  of  bromine  vapour  and  air : — 
H,    +    Br,    =  2HBr. 

Hydrobromic 
acid. 

2.  By  heating  potassic  bromide  with  phosphoric  acid : — 

3KBr    +    POH03    =    POK03    +  3HBr. 

Potassic  Phosphoric  Potassic  Hydrobromic 

bromide.  acid.  phosphate,  acid. 

Sulphuric  acid  cannot  be  employed  for  this  operation,  as  a 
portion  of  the  hydrobromic  acid  is  then  decomposed,  bromine 
being  liberated : — 

SO,Ho,    +    2HBr    =    Br,    +    20H,    +  SO,. 

Sulphuric  acid.       Hydrobromic  Water.  Sulphurous 

acid.  anhydride. 

3.  By  the  action  of  water  upon  phosphorous  tribromide : — 
P"'Br3    +    30H,    =    P^OHHo,    +  3HBr. 

Phosphorous  Water.  Phosphorous  Hydrobromic 

tribromide.  acid.  acid. 
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4.  By  gradually  dropping  bromine  into  water  containing 
amorphous  phosphorus : — 

+    3Br,    +    60H,    =    2P-OHHo,    +  6HBr. 

Water.  Phosphorous  Hydrobromic 

acid.  acid. 

5.  By  passing  sulphuretted  hydrogen  through  water  con- 
taining bromine : — 

2SH,    +    2Br,    =    4HBr    +  S,. 

Sulphuretted  Hydrobromic 
hydrogen.  acid. 

Reactions. — 1.  Decomposed  by  chlorine  with  liberation  of 
bromine : — 

2HBr    +    CI,    =    2HC1    +  Br,. 

Hydrobromic  Hydrochloric 
acid.  acid. 

2.  By  the  action  of  atmospheric  oxygen  a  small  quantity  of 
bromine  is  liberated,  but  the  decomposition  is  soon  arrested : — 

4HBr    +    O,    =    20H,    +  2Br,. 

Hydrobromic  Water,  Bromine, 

acid. 

3.  In  contact  with  metallic  oxides,  hydrates,  and  salts,  bro- 
mides are  formed. 


COMPOUNDS  OF  JBBOMIJSFE  WITH  OXYGEN 
AND  HYDBOXTL. 

Hypobromous  anhydride  OBr,. 

Hypobromous  acid    OBrH. 

OBr 

Bromic  acid   \  O 

OH 


The  graphic  formulae  of  these  compounds  are  analogous  to 
those  of  the  corresponding  chlorine  compounds,  given  at  page  45. 


BROMIC  ACID. 
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HYPOBROMOUS  ANHYDRIDE. 
OBr,. 

Preparation. — By  passing  bromine  vapour  over  dry  mercuric 
oxide : — 

HgO    +    2Br,    =    HgBr,    +  OBr,. 

Mercuric  Mercuric  Hypobromous 

oxide.  bromide.  anhydride. 


HYPOBROMOUS  ACID. 
OBrH. 

Preparation, — 1.  By  passing  hypobromous  anhydride  into 
water : — 

OBr,    +    OH,    =  20BrH. 

Hypobromous         Water.  Hypobromous 
anhydride  acid. 

2.  By  agitating  mercuric  oxide  with  bromine- water : — 

THgBr 

2HgO    +    OH,    +    2Br,    =    20BrH    +  ^  O 

[HgBr 

Mercuric  Water.  Hypobromous  Mercuric 

oxide.  •  acid.  oxybromide. 


.      BROMIC  ACID. 

rOBr  ^ 
\  OHo* 

Preparation. — By  acting  upon  a  solution  of  baric  bromate 
with  sulphuric  acid  : — 

^OBr  . 

Bao"    -f    SO,Ho,  =    2|q^^^    +  SO.Bao". 
OBr 


< 


Baric  bromate.  Sulphuric  Bromic  Baric 

acid.  acid.  sulphate. 
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Beaction. — By  boiling,  bromic  acid  decomposes  into  water, 
bromine,  and  oxygen : — 

*  { OHo    =    ^^'^    +  +  50, 

Bromic  acid.  Water. 

Preparation  ofhromates. — 1.  By  adding  bromine  to  a  solu- 
tion of  a  metallic  bydrate,  and  separating  tbe  bromate  by  crys- 
tallization: — 

6KHo    -f    3Br,    =    5KBr    +     joKo  + 

Potassic  Potassic  Potassic  Water, 

hydrate.  bromide.  bromate. 

2.  By  tbe  action  of  potassic  hydrate  on  bromine  pentachlo- 
ride : — 

6KHo    +    BrCl^    =    5KC1    +  j  -f 

Potassic  Bromine  Potassic  Potassic  Water, 

hydrate.  pentachloride.  chloride.  bromate. 

Character  ofhromates. — Some  of  the  bromates  when  heated 
lose  oxygen,  being  transformed  into  bromides : — 

§Ko    =    2KBr    +  30, 

Potassic  Potassic 
bromate.  bromide. 

Others  evolve  bromine  and  a  portion  of  their  oxygen,  leaving 
metallic  oxides : — 

^OBr 
O 

Mgo"    =    2MgO    +    2Br,    +  50,. 
O 
i^OBr 

Magnesic  Magnesic 
bromate.  oxide. 


IODINE,  I,. 

Atomic  weight  =127.  Molecular  weight  =254.  Molecular 
volume  \  I  I.  1  litre  of  iodine  vapour  weighs  127  criths. 
8p.  gr.  4-95.  Fuses  at  107°.  Boils  at  180°.  Atomicity  '. 
Evidence  of  atomicity  : — 


HYDRIODIC  ACID. 
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Hydriodic  acid   HI. 

Potassic  iodide    KI. 

Argentic  iodide    -^gl- 

Occurrence. — In  mineral  springs,  in  sea-water,  and  in  con- 
siderable quantities  in  sea-plants. 

Manufacture. — Sea-weeds  are  burnt  and  the  asli  is  ex- 
tracted with,  water.  The  liquid  is  evaporated,  and,  after  a  con- 
siderable quantity  of  sodic  carbonate  and  chloride  has  crys- 
tallized out,  the  mother-liquor,  which  contains  potassic  iodide, 
is  distiUed  with  sulphuric  acid  and  manganic  oxide  : — 

2KI  +  MnO,  +  2SO,Ho, = SO.Ko,  +  SO^Mno"  +  \  -f  20H,. 

Potassic   Manganic      Sulphuric         Potassic         Manganous  Water, 
iodide.       oxide.  acid.  sulphate.  sulphate. 

Reactions. — 1.  Iodine  is  precipitated  from  its  solutions  by 
chlorine  and  bromine  : — 

2KI    -I-    CI,    =    2KC1    +  1,. 

Potassic  Potassic 
iodide.  chloride. 

2KI    +    Br,    =    2KBr    +  I,. 

Potassic  Potassic 
iodide.  bromide. 

2.  Iodine  unites  directly  with  many  metals. 


HYDRIODIC  ACID. 
HI. 

Molecular  weight  =128.    Molecular  volume  I  I  I.    1  litre  of 
hydriodic  acid  weighs  64  criths.    Fuses  at  —55°. 

Preparation. — 1.  By  passing  iodine  vapour  and  hydrogen 
througha  red-hot  tube  orover  spongy  platinum  gently  heated: — 

H,    +    I,    =  2HI. 
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HYDRIODIC  ACID. 


2.  By  the  action  of  dilute  sulphuric  acid  on  baric  iodide,  or 
of  phosphoric  acid  on  any  iodide  : — 

Bal,    +    SO,  Ho,    =    2HI    +  SO.Bao". 

Baric  Sulphuric  Hydriodic  Baric 

iodide.  acid.  acid.  sulphate. 

3.  By  decomposing  phosphorous  triiodide  by  water : — 

PI3    +    30H,    =    POHHo,    +  3HI. 

Phosphorous  Water.  Phosphorous  Hydriodic 

triiodide.  acid.  acid. 

4.  By  heating  together  water,  potassic  iodide,  iodine,  and 
phosphorus :  — 

4KI    +  +  51,  +  80H,  =  14HI  +  2POH0K0, 

Potassic  Water.  Hydriodic        Hydric  dipotassic 

iodide.  acid.  phosphate. 

5.  A  solution  of  hydriodic  acid  is  obtained  by  passing  sulphu- 
retted hydrogen  through  water  in  which  iodine  is  suspended: — 

2SH,    +    21,    =    4HI    +  S,. 

Sulphuretted  Hydriodic 
hydrogen.  acid. 

Heactions. — 1.  Decomposed  by  chlorine  and  bromine,  with 
liberation  of  iodine  : — 

2HI    +    CI,    =    2HC1    +  Ir 

Hydriodic  Hydrochloric 
acid.  acid. 

2HI    +    Br,    =    2HBr    +  I,. 

Hydriodic  Hydrobromic 
acid.  acid. 

2.  It  is  gradually  but  completely  decomposed  by  atmospheric 
oxygen ;  the  iodine,  which  at  first  remains  dissolved  in  the 
hydriodic  acid,  is  after  a  time  deposited  in  crystals : — 

4HI    +    O,    =    20H,    +  21,. 

Hydriodic  Water, 
acid. 

3.  With  metallic  oxides,  hydrates,  and  some  salts  it  forms 
iodides.  Even  argentic  chloride  is  transformed  by  hydriodic 
acid  into  argentic  iodide  : — 

AgCl    +    HI    =    Agl    +  HCl. 

Argentic         Hydriodic         Argentic  Hydrochloric 
chloride.  acid.  iodide.  acid. 
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4.  Hydriodic  acid  is  rapidly  decomposed  by  mercury,  with 
liberation  of  hydrogen 

2HI    +    2Hg    =    'Hg'J,    +  H,. 

Hydriodic  Mereurous 
acid.  iodide. 


COMPOUNDS  OF  lODINJE  WITH  OXYGEN  AND 

HYBBOXTL, 

fOI 

o 

Iodic  anhydride  O  . 

|0 

roi 

\  OHo- 

o 
o 

Periodic  anhydride. ,  O  . 

O 

o 


Iodic  acid 


OI 


Periodic  acid 


roi 

O  . 
OHo 


The  graphic  formulae  of  these  compounds  are  analogous  to 
those  of  the  corresponding  chlorine  compounds  given  at  p.  45. 


IODIC  ANHYDRIDE. 

fOI 

1  o 

I  A,   or   ^  O  . 

O 

LOI 
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Preparation. — By  heating  iodic  acid  to  170°,  when  it  sepa- 


OHo  = 


Iodic  acid. 

Beaction. — When  strongly  heated,  it  decomposes  into  iodine 
and  oxygen. 


fOI 

0 

+  < 

0  . 

0 

LOi 

Iodic . 

mhydride. 

IODIC  ACID. 

JOI 
\  OHo* 

Preparation. — 1.  By  the  action  of  sulphuric  acid  upon  baric 
iodate : — 
fOI 

<  Bao"    +    SO.Ho,  =  2 1  +  SO.Bao". 

toi 

Baric  iodate.  Sulphuric  Iodic  acid.  Baric  sulphate, 

acid. 

2.  By  oxidizing  iodine  with  strong  boiling  nitric  acid : — 
6NO,Ho  +  I.  =  2  { +  20H,  +  2N,03  +  'W'-'.O, 

Nitric  acid.  Iodic  acid.  Water.  Nitrous  Nitric 

anhydride.  peroxide. 

3.  By  acting  upon  iodine  and  water  with  chlorine : — 

I,    +    60H,    +    501,    =    2|g^^    +  lOHCL 

Water.  Iodic  acid.  Hydrochloric 

acid. 

Reactions. — 1.  In  contact  with  hydriodic  acid  it  forms  water 
and  iodine : — 

{oHo    +  =  +  31, 

Iodic  acid.         Hydriodic  Water, 
acid. 
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2.  It  is  reduced  by  many  other  deoxidizing  agents. 

jPrejparation  of  Iodates. — 1.  By  treating  solutions  of  metallic 
hydrates  with  iodine,  and  separating  the  iodate  by  crystalliza- 
tion : — 

OI 


6KHo    +    31,    =    5KI    +    ^5^0    +  '^^H, 


Potassic  Potassic  Potassic  Water, 

hydrate.  iodide.  iodate. 

2.  By  dissolving  iodine  in  potassic  hydrate  and  treating  the 
mixture  with  chlorine : — 

12KHo  +  I,  +  5C1,  =  lOKCl  -f  2  |  ^^-^  +  60H,. 

Potassic  Potassic  Potassic  Water, 

hydrate.  chloride.  iodate. 

3.  By  heating  together  potassic  chlorate  and  iodine : — 

:       I        +        JOCl        _      TCI      4-  JOJ[ 

'  +     jOKo    -  +  \OKo 

Potassic  Iodine  Potassic 

chlorate.       monochloride.  iodate. 

Character  of  iodates. — Some  of  the  iodates  when  heated  split 
into  iodides  and  oxygen,  others  into  metallic  oxides,  iodine,  and 
oxygen. 

Iodic  acid  gives  several  well-defined  anhydro-salts. 


PERIODIC  ANHYDRIDE. 

^OI 

o 
o 

lA,  or    i  O  . 

O 
O 
^OI 

Preparation:—Bj  heating  periodic  acid  to  160°  :- 
OI 

O      '  =    Ifi^    +  OH,. 
OHo 

Periodic  Periodic  Water, 

acid,  anhydride. 
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FLUORINE. 


Reaction. — When  heated  it  is  decomposed  into  oxygen  and 
iodic  anhydride,  and  ultimately  into  iodine  and  oxygen. 


PERIODIC  ACID. 


Preparation. — By  decomposing  plumbic  periodate  with  sul- 
phuric acid : — 


O 


o 

<  Pbo"    +   SO^Ho,    =    2^0        +  SO^Pbo". 

O 
OI 


Plumbic  Sulphuric  Periodic  Plumbic 

periodate.  acid.  acid.  sulphate. 

Preparation  of  JPerio dates. — Sodic  periodate  may  be  prepared 
by  passing  chlorine  through  mixed  solutions  of  sodic  hydrate 
and  sodic  iodate : — 


roi 

O        +  OK  +  2NaCl. 


ONao 

Sodic  Sodic  Sodic  Water.  Sodic 

iodate.  hydrate.  periodate.  chloride. 


FLUORINE,  V^. 

Atomic  weight  =19.  Molecular  weight  =38  (?).  Molecular 
volume  rn*  1  litre  weighs  19  criths  (?).  Atomicity  '. 
JEvidence  of  atomicity :  — 

Hydrofluoric  acid   HF. 

Occurrence. — In  combination  with  metals  in  fluorspar,  cryo- 
lite, apatite,  and  other  minerals. 

Little  is  known  of  fluorine  in  the  uncombined  condition. 


SILICON. 
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COMPOUND  OF  FLUOBINE  WITH  HYDRO GFK 

HYDROFLUORIC  ACID. 

HP. 

Molecular  weight  =20.   Molecular  volume  \  \  \.    1  litre  iveighs 
10  criths. 

Preparation, — By  heating  calcic  fluoride  with  sulphuric  acid 
in  a  leaden  or  platinum  vessel  :— 

CaF,    +    SO^Ho,    =    2HF    =  SO.Cao". 

Calcic  Sulphuric  Hydrofluoric  Calcic 

fluoride.  acid.  acid.  sulphate. 


CHAPTEE  XV. 

TETEAD  ELEMENTS. 

Sectioi^"  I.    {Continued from  Chapter  XI.) 
SILICON,  Silicium,  Si. 

Atomic  weiglit  ■=1'^'^.  Sp.gr.  {grapJiitoidaT)  =2*49.  Atomicity^^ . 
Evidence  of  atomicity. — 

Silicic  chloride    SiCl^. 

Silicic  fluoride   SiF^. 

Occurrence. — Silicon  is  one  of  the  most  widely  diffused  ele- 
ments. It  is  found,  in  combination  with  oxygen  and  metals,  in 
a  very  large  number  of  minerals. 

a.  AmorpTiou^s  Silicon. 

Preparation. — 1.  By  heating  potassic  silicofluoride  with 
potassium : — 

SiK^F,    +    2K,    =    Si    +  6KF. 

Potassic  Potassic 
silicofluoride  fluoride. 

E 
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SILICON. 


2.  By  heating  sodium  in  a  current  of  the  vapour  of  silicic 
chloride : — 

SiCl,    +    21^a,    =    Si    +  4NaCl. 

Silicic  Sodi 
chloride.  chloride. 

Reactions. — 1.  Silicon  is  dissolved  by  aqueous  hydrofluoric 
acid,  and  converted  into  hydrofluosilicic  acid : — 

Si    +    6Hr    =    SiH,r,  + 

Hydrofluoric  Hydrofluosilicic 
acid.  acid. 

2.  "When  fused  with  potassic  hydrate,  or  boiled  in  its  solu- 
tion, it  yields  potassic  silicate  : — 

Si    +    4KHo    =    SiKo,  + 

Potassic  Potassic 
hydrate.  silicate. 

3.  Heated  in  the  air,  it  burns,  producing  silicic  anhydride. 
(3.  Graphitoidal  Silicon. 

Preparation.  —  By  fusing  amorphous  silicon  with  alumi- 
nium, and  boiling  the  compound  in  hydrochloric  or  hydrofluoric 
acid,  which  dissolves  the  aluminium,  leaving  the  silicon  in  the 
form  of  hexagonal  plates  with  a  metallic  lustre. 

Character. — May  be  heated  to  whiteness  in  oxygen  without 
burning. 

Is  gradually  oxidized  by  a  mixture  of  nitric  and  hydro- 
fluoric acids. 

Is  slowly  attacked  by  fused  potassic  hydrate, 
y.  Adamantine  Silicon. 

Preparation. — By  heating  aluminium  very  strongly  in  a 
current  of  the  vapour  of  silicic  chloride.  The  aluminic  chloride 
which  is  formed  volatilizes,  leaving  the  adamantine  silicon  be- 
hind : — 

SSiCl,    ^  2A1, 

Silicic 
chloride. 


=    2'A1'",C1,    +  Si,. 

Aluminic 
chloride. 


COMPOUNDS  OF  SILICON. 
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SILICIC  HYDRIDE. 
SiH,. 

Molecular  weight  =32*5. 

Has  not  been  obtained  free  from  hydrogen. 

Frepa/ration. — 1.  By  decomposing  dilute  sulphuric  acid  by 
a  feeble  electric  current  passing  from  electrodes  of  aluminium 
containing  silicon,  when  the  silicic  hydride  is  evolved  at  the 
negative  pole. 

2.  By  decomposing  magnesic  silicide  with  hydrochloric 
acid : — 

SiMg",    +    4HC1    =    2MgCl,    +  SiH,. 

Magnesic  Hydrochloric  Magnesic  Silicic 

eilicide.  acid.  chloride.  hydride. 

Reaction. — Inflames  spontaneously  in  air,  producing  water 
and  silicic  anhydride  : — 

SiH,    +    20,    =    SiO,    +  20H,. 

Silicic  Silicic  Water, 

hydride.  anhydride. 


SILICIC  CHLORIDE. 
SiCl,. 

Molecular  weight  =170'5.    Molecular  volume  fTl-    1  litre 
weighs  85*25  criths.    Sp.  gr.  of  liquid  1*52.    Boils  at  59°. 

Preparation . — 1.  By  burning  silicon  in  chlorine, 
2.  By  heating  a  mixture  of  carbon  and  silicic  anhydride  in 
a  stream  of  chlorine : — 

SiO,  +  2C    +  2C1,    =    SiCl,    +  2G0. 

Silicic  Silicic  Carbonic 

anhydride.        •  chloride.  oxide. 

Beaction. — By  contact  with  water  it  produces  silicic  and  hy- 
drochloric acids  : — 

SiCl,    +    40H,    =    SiHo,    +  4HCL 

Silicic  Water.  Silicic  Hydrochloric 

Chloride.  acid.  acid. 

E  2 
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COMPOUNDS  OF  SILICON. 


SILICIC  BEOMIDE. 
SiBr,. 

3Iolecular  weight  =348-5.    Sp.  gr.  2-813  at  0°.    Soils  at  153°. 

Preparation. — By  the  same  method  as  that  employed  for 
making  the  chloride,  bromine  vapour  being  substituted  for  chlo- 
rine. 

Meaction. — Decomposed  by  water  in  the  same  manner  as  the 
chloride. 


SILICIC  FLUORIDE. 
SiF,. 

Molecular  weight  =104 '5.    Molecular  volume  \  \  |.    1  litre 
weighs  52*25  criths.  Fuses  at  —  140°C.    Condensahle  gas. 

Preparation. — By  heating  together  silicic  anhydride,  calcic 
fluoride,  and  sulphuric  acid : — 

SiO,    +    2CaF,    +    2SO,Ho,    =  Sir, 

Silicic  Calcic  Sulphuric  Silicic 

anhydride.  fluoride.  acid.  fluoride. 

+  2SOHo,Cao". 

Dihydric  calcic  sulphate. 

jReaction. — By  contact  with  water  it  produces  silicic  and 
hydrofluosilicic  acids : — 

3SiE,    +    40H,    =    SiHo,    +  2SiH,F6. 

Silicic  Water.  Silicic  Hydrofluosilicic 

fluoride.  acid.  acid. 

By  contact  with  metallic  oxides,  hydrates,  and  salts,  hydrofluo- 
silicic acid  produces  silicofluorides,  some  of  which,  as  the  potassic 
and  baric  compounds,  are  insoluble  in  water  : — 

SiH^P,    +    2KHo    =    SiK,F3    +  20H,. 

Hydrofluosilicic  Potassic  Potassic  Water, 

acid.  hydrate.  silicofluoride. 


SILICIC  ACID. 
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COMPOUNDS  OF  SILICON  WITH  OXTGBN  AND 

HYDBOXTL. 

Silicic  anhydride   SiO^. 

Silicic  acid   SiHo^  and  SiOHo^. 

Chryson    SigB[g04. 

Leukon    Sigll^Oj. 


SILICIC  ANHYDRIDE. 
SiO,. 

Molecular  weiglit  =60"5.    >S^.  gr.  2'69. 

Occurrence. — In  the  pure  state  in  many  minerals,  as  quartz, 
agate,  &c. 

Preparation. — By  heating  silicic  acid  to  100°. 

SILICIC  ACID. 

Tetrabasic...  SiHo^.    Dibasic...  SiOHog. 

Preparation. — 1.  By  treating  a  solution  of  a  soluble  silicate 
with  hydrochloric  acid  : — 

SiNao,    +    4HC1    =    SiHo,    +  4NaCl. 

Sodic  Hydrochloric  Silicic  Sodic 

silicate.  acid.  acid.  chloride. 

2.  By  passing  a  stream  of  carbonic  anhydride  through  a 
solution  of  a  soluble  silicate  : — 

SiNao,   +  40H,  +  400^  =   SiHo,  +  4COHoNao. 

Sodic  Water.  Carbonic  Silicic  Hydric  sodic 

silicate.  anhydride.  acid.  carbonate. 

A  reaction  similar  to  this  is  the  cause  of  the  disintegration 
of  granitic  rocks. 

3.  By  passing  silicic  fluoride  through  water.    (See  p.  100.) 

4.  The  dibasic  silicic  acid  is  said  to  be  produced  by  the  eva- 
poration in  vacuo  at  16°  of  a  solution  of  the  tetrabasic  acid  in 
water. 
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The  acid  prepared  by  the  first  three  of  the  above  processes 
has  probably  the  formula  SiHo^ ;  by  drying  in  the  air  a  com- 
pound remains  containing 

SieHgO^e    =  SigOgHog. 

This  last  acid,  heated  to  100°,  loses  more  water,  being  trans- 
formed into 

SieH.O,,    =  Si,0,,Ho,. 

5,  By  the  action  of  water  on  tetrethylic  silicate,  a  compound 
is  produced  containing 

Si^H^O,,    =  Si,0,Ho, 


SILICATES. 

The  soluble  alkaline  silicates  may  be  prepared  by  fusing 
silicic  anhydride,  in  the  form  of  sand  or  flints,  or  insoluble 
natural  silicates,  with  alkahne  hydrates  or  carbonates. 

The  silicates  form  a  very  important  class  of  minerals.  The 
following  list  contains  a  few  examples : — 


Sand. 

Flint. 

Eock  crystal. 
Quartz. 

y  Silicic  anhydride  

.  SiO,. 

Opal. 

Chalcedony.  ^ 

Peridote. 

Dimagnesic  silicate  

SiMgo", 

Phenacite. 

Diglucinic  silicate   

siaio'v 

"Willemite. 

Dizincic  silicate   

SiZno'V 

Zircon. 

Dizirconic  silicate   

SiZro'V 

Enstatite. 

Monomagnesic  silicate  . . 

SiOMgo". 

SILICATES. 
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2  1 

O  Cao". 
SiHo„— J 


Diopside.    Calcic  magnesic  disilicate.  1  ^^^Cao"Mffo"- 
See  fig.  1  J  SiO 

Talc.  Tetramagnesic ^entasilicate.  See  1     Si  0  Mgo" 

fig.  2   i        '  '  ^ 

f  SiHo 

Okenite.    Tefrahydric  calcic  disilicate.  ^ 
See  fig  3.  ' 

See  fig.  4    jsiHoMgo" 

Steatite.     Trimagnesic  tetrasilicate.  1     Si  Q  M  o" 
See  fig.  5   J         ^  °  ^ 

fSiHoMgo" 

Meerschaum.    Tefrahydric  dimagnesicj  gijj^ 

trisilicate.    See  fig.  6   |  q  ^ 

l^SiHoMgo" 

SiOHo— 1 

Pyrophyllite.    Dihydric  alvminic  tetra-  SiO 

silicate.    See  fig.  7    SiO  i 

SiOHo—J 

Anorthite.  Aluminic  calcic  disilicate.  \     a*  n  ikhu  rwvir^  < 

See  fig.  8  ^...1  ^'^^^^ 

SiO  , 

Labradorite.  Aluminic  calcic  trisilicate.    SiCao"-Al  o^". 
See  fig.  9   SiO  ' ' 

Grossularia.    Aluminic  tricalcic  trisili-    515^^,,   [l-.  - 
,      Q     fi    iA  SiCao"-ALov\ 
Gate,    bee  iipj.  10   c*'r^    n  i 

Emerald.    Triglucinic  aluminic  Jiexa- 1     Si  O  Al  o'^'^Grlo" 
silicate.   -See  fig.  11   ^  ^  ^ 


Chloropal.      Ferric   trisilicate.  See 
fig.  12  ^  


SiO- 

SiO- 
SiO- 


SiO-Ee,o^30H,. 


Felspar.  Orthose.  Dipotassic  alumi- 1     si  O  Ko  Al  o'^ 
nic  hexasilicate.    See  fig.  13  . .  ^  ^  22- 
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TIN. 


SILICIC  SULPHIDE. 

Preparation. — By  passing  the  vapour  of  carbonic  disnlphide 
over  silicic  anhydride  heated  to  redness : — 

SiO,    +     CS",    =    SiS",    +  CO,. 

Silicic  Carbonic  Silicic  Carbonic 

anhydride.         disulphide.  sulphide.  anhydride. 

Beaction. — By  the  action  of  water,  hydrosulphuric  acid  is 
evolved,  and  the  solution  contains  silicic  acid : — 

SiS,     +    40H,    =    SiHo,    +  2SH^. 

Silicic  Water.  Silicic  Sulphuretted 

sulphide.  acid.  hydrogen. 


TIN,  Sn. 

Atomic  weight  =118.  Molecular  weight  uriknown.  Sp.gr. 
7 '28.    Fuses  at  228°.    Atomicity  "  and    also  pseudo-triatomic. 

The  following  are  the  names  and  formulae  of  the  principal 
compounds  of  this  metal : — 

Stannous  chloride    SnCl,. 

Stannic  chloride    SnCl^. 

Stannous  oxide    SnO. 

Stannic  oxide  or  anhydride.  Sn02. 

rsnci 

Distannous  oxydichloride. .  -lO      .  gi—Q-^^Hj)— @ 

[  SnCl 

Stannous  hydrate    SnHo^.  ®— (o)~©~®~© 

© 

Stannic  acid   SnOHo^.  n     ^  _ 

Dipotassic  stannite   SnKog. 

Dipotassic  stannate   SnOKo,,  4OH2. 


COMPOUNDS  OF  TIN. 


105 


Distannic  trioxide 
or 


©=©-©=© 


/  \ 

Stannous  stannate    SnOSno".     ©n©  © 

\  / 


Metastannic  acid  (dried  at 
100°)   


^SnHo3 
O 

SnHo, 
O 

<(  SnO  . 

O 

SnHo^ 

O 

^SnHog 


^SnHo.Ko 
O 

SnHo, 
0 

Dipotassic  metastannate...  <J  SnO 

O 

SnHo, 
O 

^SnHo^Ko 

Stannous  sulphide    SnS". 

Stannic  sulphide    SnS"^. 

Distannic  trisulphide  |  g^^''^", 


or 


Stannous  sulphostannate. .  SnSSns". 


© 


© 

/  \ 
©=©-©=© 

© 

/  \ 
0=0  0 

©- 

p5 


106 


COMPOUNDS  OF  TITANIUM. 


9© 

Stannous  sulphate   SOgSno". 

TITANIUM,  Ti. 

Atomic  weight  =50.    Molecular  weigJit  unknown.    Sp.  gr.  5*3. 
Atomicity  "  and     also  pseudo-triatomic. 

Tlie  following  are  tlie  names  and  formulae  of  the  chief  com- 
pounds of  titanium : — 


  I 

Titanic  tetrachloride    TiCl^.  @~®~@ 


Cl  1    (  Cl 


Dititanic  hexachloride  •••  j  ijuni  .  ®~®~®~® 


Cl  1    (  Cl 


Titanous  oxide   TiO. 

Titanic  oxide  or  anhydride" 

(Entile,  Anatase,  Brook-  >■  TiO„. 

ite)   


Titanic  acid   TiOHo, 


© 

©-(^(^KHH!) 

Titanic  sulphide    TiS"^. 

Dititanic  dinitride    \  ijijjvj'"-  ®E©-©E© 

© 

Trititanic  tetranitride   Ti^N'''^  ®^®  ®  ®^® 


© 


PHOSPHORUS. 
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CHAPTER  XVI. 

PENTAD  ELEMENTS. 

Section  I.    {Continued from  Chapter  XII.) 

PHOSPHORUS,  P,. 

Atomic  weight  =31.  Molecular  weight  =124.  Molecular 
volume  I  I  I.  1  litre  of  phosphorus  vapour  loeighs  62 
criths.  Sp.  gr.  1-83.  Fuses  at  44-45°.  Boils  at  290°. 
Atomicity  "'  and".    Evidence  of  atomicity  : — 


Phosphorous  trihydride   F^'llg 

Phosphorous  trichloride    P"'Cl3. 

Phosphoric  chloride    P^'Clj. 

Phosphonic  iodide   P'H^I. 


Occurrence. — In  combination  as  a  constituent  of  several 
minerals,  and  in  small  quantities  in  most  rocks  and  soils. 

In  plants,  and  in  the  brain,  nerves,  urine,  and  bones  of 
animals. 

Manufacture. — Calcined  bones  or  Sombrerite,  both  of  which 
consist  chiefly  of  calcic  phosphate,  are  digested  with  sulphuric 
acid,  by  which  the  tricalcic  diphosphate  is  converted  into  tetra- 
hydric  calcic  diphosphate : — 

Pp,Cao"3    +    2SO,Ho,  =  P,0,Ho,Cao"  +  2SO,Cao". 

Tricalcic  diphos-  Sulphuric  Tetraliydric  calcic  Calcic 

phate  (Bone-ash).  acid,  diphosphate.  sulphate. 

The  tetrahydric  calcic  phosphate  is  extracted  with  water 
from  the  calcic  sulphate,  evaporated,  mixed  with  charcoal,  dried 
and  distilled,  when  phosphorus,  carbonic  oxide  and  tricalcic 
diphosphate  are  produced : — 

3P^O,Cao"    +    C,o    =  +     lOCO     +  P,. 

Calcic  meta-  Tricalcic  Carbonic 

phosphate.  diphosphate.  oxide. 
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PHOSPHOKETTED  HYDROGEN. 


AMORPHOUS  PHOSPHORUS.    AUotropic  mospJioms.  Bed 

I'hosphorus. 

Obtained  by  beating  common  pbospborus  to  230°-250°  in 
close  vessels. 

Neither  the  number  nor  the  arrangement  of  the  atoms  in 
the  molecule  of  this  variety  of  phosphorus  is  known. 


COMFOTTN'DS  OF  PHOSPHOBUS  WITH 
HYDROGEN. 

Phosphorus  forms  three  compounds  with  hydrogen,  which 
cannot  be  obtained  by  the  direct  combination  of  their  elements. 

{!Pf  P"'HV' 
P(P"'H)"  ^ 

Liquid  ditto  

Graseous  ditto    I^Ha- 


GASEOUS  PHOSPHORETTED  HYDROGEN. 

© 

PH  I 

'  ©-©-© 


Molecular  weight  Molecular  volume  Ll_l.    1  litre  weighs 

17  criths. 

Preparation. — 1.  By  heating  hypopbosphorous  acid : — 
2POH,Ho    =    PH3    +  POHO3. 

Hypopbosphorous        Phosphoretted  Phosphoric 
acid.  hydrogen.  acid. 


By  heating  phosphorous  acid : — 


4POHH0,       =       PH3       +  3POH03 

Phosphorous  Phosphoretted  Phosphoric 

acid.  hydrogen.  acid. 


PHOSPHORETTED  HYDROGEN.  109 

3.  By  heating  phosplioms  with  solution  of  sodic  or  potassic 
hydrate : — 

30N"aH    +  +    30H,   =  3POH,]S'ao  +  PH3. 

Sodic  Water.  Sodic  Phosphoretted 

hydrate.  hypophosphite.  hydrogen. 

The  gas  prepared  by  this  process  contains  free  hydrogen  and 
the  vapour  of  liquid  phosphoretted  hydrogen. 

Meactions. — 1.  By  combustion  in  oxygen  it  yields  phosphoric 
acid : — 

PH3    +    20,    =  POH03. 

Phosphoretted  Phosphoric 
hydrogen.  acid. 

2.  "When  passed  through  a  solution  of  cupric  sulphate,  it 
causes  a  black  precipitate  of  cupric  phosphide : — 

2PH3    +    3SO,Cuo"    =    P^Cu';    +  3SO,Ho,. 

Phosphoretted  Cupric  Cupric  Sulphuric 

hydrogen.  sulphate.  phosphide.  acid. 

3.  When  passed  through  a  solution  of  argentic  nitrate,  me- 
tallic silver  and  nitric  and  phosphoric  acids  are  formed : — 

PH3  +  SNO^Ago  +  40H,=  POHo3+4Ag,+8NO,Ho. 

Phosphoretted       Argentic  Water.        Phosphoric  Nitric 

hydrogen.  nitrate.  acid.  acid. 

4.  It  unites  directly  with  hydriodic  and  hydrobromic  acids 
when  they  are  presented  to  it  in  the  nascent  state,  forming 
compounds  isomorphous  with  the  corresponding  substances  in 
the  nitrogen  series : — 

PH3     +    31,    =    PI3    +  3HI; 

Phosphoretted  Phosphorous  Hydriodic 

hydrogen.  triiodide.  acid. 

3PH3    +    3HI    =  3PH,I. 

Phosphoretted        Hydriodic  Phosphonic 
hydrogen.  acid.  iodide. 

In  this  behaviour  phosphoretted  hydrogen  bears  a  striking 
analogy  to  ammonia,  although,  unlike  the  latter  compound,  it 
does  not  unite  with  other  acids. 
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COMPOUNDS  OF  PHOSPHORUS. 


LIQXTID  PHOSPHOEETTED  HYDROGEN. 

©  © 


'i*".H„  or  { 


ph; 


©-© 
©  © 


Molecular  weight  =66. 

Freparation. — ^By  the  action  of  water  or  very  dilute  hydro- 
chloric acid  upon  calcic  phosphide,  '"P'^Cdi!'^,  the  gas  evolved 
being  transmitted  through  a  freezing-mixture  : — 

'P'^Ca",    +  =    'P",H,    4-  2Ca"Ho,. 

Calcic  Water.  Liquid  phos-  Calcic 

phosphide.  phoretted  hydrate. 

hydrogen. 

The  calcic  phosphide  is  prepared  by  passing  the  vapour  of 
phosphorus  over  lime  heated  to  redness  : — 

14P    +    14CaO    =    2P,03Cao",     -f  5'P",Ca'V 

Lime.  Calcic  Calcic 

pyrophosphate.  phosphide. 

Beaction. — Decomposed  by  sunlight  into  solid  and  gaseous 
phosphoretted  hydrogen  . — 


Liquid  phospho-         Graseous  phospho-  Solid  phosphoretted 

retted  hydrogen.         retted  hydrogen.  hydrogen. 


SOLID  PHOSPHORETTED  HYDROGEN. 

rp(F"H)"p 

\  P(F"H)"  • 

Molecular  weight  =  126  ? 

Preparation. — By  dissolving  calcic  phosphide  in  concen- 
trated hydrochloric  acid,  or  by  the  action  of  light  upon  the 
liquid  phosphoretted  hydrogen. 


COMPOUNDS  OF  PHOSPHORUS. 
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COMPOUNDS  OF  PHOSFHOBm  WITH 

CHLORINE. 

Phosphorus  forms  two  compounds  with  chlorine  : — 

Phosphorous  trichloride   PCI3. 

Phosphoric  chloride    I^Clg. 


PHOSPHOEOUS  TRICHLORIDE. 


PCI 

"  ®-©-® 


Molecular  weight  =137 '5.    Molecular  volume  I  I  I.    1  litre  of 
phosphorous  trichloride  vapour  weighs  68*75  criths.  Sp.gr. 
1-45.    Boils  at  74° 

Preparation. — By  the  action  of  chlorine  upon  phosphorus : — 

P,    +    301,    =  2PCI3. 

Reaction. — By  the  action  of  water  it  yields  hydrochloric 
and  phosphorous  acids : 

PCI3    +    30H,    =    3HC1    +  POHHo,. 

Phosphorous  Water.  Hydrochloric  Phosphorous 

chloride.  acid.  acid. 


PHOSPHORIC  CHLORIDE. 


PCI,  ©-©-© 

/  \ 
c?)    Tci : 


Molecular  weight  =208*5.    Molecular  volume  f~n  to 
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1  litre  of  jpJiosplioriG  chloride  weighs  52*1  to  104i'25  eriths. 
Volatilizes  helow  100°. 

Preparation. — By  the  action  of  cUorine  upon  phosphorous 
chloride : — 

PCI3    +    Cl,    =  PCI,. 

Phosphorous  Phosphoric 
chloride.  chloride. 

Beactions, — 1.  By  the  action  of  an  excess  of  water  it  pro- 
duces hydrochloric  acid  and  phosphoric  acid : — 

PCI,    +  =    5HC1    +  POHO3, 

Phosphoric  Water.  Hydrochloric  Phosphoric 

chloride.  acid.  acid. 

2.  When  submitted  to  the  action  of  alcohols  and  acids,  the 
chlorides  of  the  radicals  of  the  alcohols  and  acids  are  obtained, 
thus  —  * 

CH3         .  fCH 


+    PCI,    =     {cHCl  +  +  ^^^^3. 

Ethylic  Phosphoric  Ethylic        Hydrochloric  Phosphoric 

alcohol.  chloride.  chloride.  acid.  oxytrichloride. 


CH^Ho 


\COHo    -r    *--5    -  |C0C1 

Acetic  acid.  Phosphoric  Acetylic  Hydrochloric  Phosphoric 

chloride.  chloride.  acid.  oxytrichloride. 


COMPOUND  OF  FROSPHOBUS  WITH  GHLOBINE 

AJSTD  OXYGFJSr. 

PHOSPHORIC  OXYTEICHLORIDE. 


11 

® 


Molecular  iveight  =153'5.    Molecular  volume  I  I  I.    1  litre  of 
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pJios^Jioric  oxytrichloride  vajpour  weighs  76  75  critJis.  tSp.  gr. 
1*7.    Boiling-point  110°. 
Preparation. — 1.  By  the  action  of  a  limited  quantity  of 
water  on  phosphoric  chloride : — 

PCI,    +    OH,    =    POCI3    +  2HC1. 

Phosphoric  Water.  Phosphoric  Hydrochloric 

chloride.  oxytrichloride.  acid. 

2.  By  passing  oxygen  through  boiling  phosphorous  trichlo- 
ride : — 

PCL    4-    O    =  POOL. 


Phosphorous  Phosphoric 
trichloride.  oxytrichloride. 

3.  By  heating  phosphoric  chloride  with  phosphoric  anhy- 
dride : — 

P,0,    +    3PCI5    =  5POCI3. 

Phosphoric         Phosphoric  Phosphoric 
anhydride.  chloride.  oxytrichloride. 

4.  It  is  formed  as  a  secondary  product  in  the  preparation  of 
the  chlorides  of  alcohol  and  acid  radicals  as  above  described 
(p.  112). 

JReactions. — 1.  By  contact  with  water  it  is  transformed  into 
hydrochloric  and  phosphoric  acids  : — 

POCI3    +    30H,    =    POH03    +  3HC1. 

Phosphoric  Water.  Phosphoric  Hydrochloric 

oxytrichloride.  acid.  acid. 

2.  By  distillation  with  the  salts  of  organic  acids  it  yields 
the  chloracids : — 


3* 


M§ONao    +  =    3{gH^i    +  PONao 

Sodie  Phosphoric  Acetylic  Sodic 

acetate.  oxytrichloride.  chloride.  phosphate. 


COMFOUNB  OF  FHOSFHOBUS  WITS  CHLOBINF 

AND  SULFHUB. 

PHOSPHORIC  SULPHOTRICHLORIDE. 

PS"Cl3. 

Molecular  weight  =  169 '5.    Foils  at  128°. 
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Preparation. — By  the  action  of  sulphuretted  hydrogen  upon 
phosphoric  chloride : — 

PClg    +     SH,     =    PS"Cl3    +  2HC1. 

Phosphoric       Sulphuretted         Phosphoric  Hydrochloric 
chloride.  hydrogen.       sulphotrichloride.  acid. 

Reaction. — When  boiled  with  sodic  hydrate,  it  yields  sodic 
chloride  and  trisodic  sulphophosphate  : — 

60NaH    +   PS"Cl3   =  3^01    +   PS'lSTaOg  + 

Sodic  Phosphoric  Sodic  Trisodic  Water, 

hydrate,  sulphotrichloride.        chloride.  sulpho- 

phosphate. 


COMPOUNDS  OF  PHOSPHORUS  WITH  OXYGEN 
AND  HYDBOXTL. 

Phosphorous  anhydride...    P2O3.  ^  ® 

©-©-© 

9  (o) 

Phosphoric  anhydride  .. .      P2O5.  Q-Q-Q 

©  © 

Hypophosphorous  acid  ...    POH^Ho.  ©-©-© 

©  ® 

Phosphorous  acid    POHHo^.  ©-©-©-0-© 

I 

0 


COMPOUNDS  OF  PHOSPHORUS. 
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Phosphoric  acid  1  pQ  jj^ 
(tribasic)   ...  J  ^' 


Metaphosphoric 
acid  (monobasic)' 


PO„Ho. 


© 

© 
I 

© 

&-©-© 


Pyrophosphoric 
acid  (tetra- 
basic)   


P.O3H0, 


© 

©  © 

©-©-(i)-©-©-©-® 
I  I 

(0)  (0) 
©  © 

Hexabasic  phosphoric  acid   P^O^lSTaOg. 

Sodium  salt  (Eleitmann  and  Henneberg)  {Heocasodic  tetra- 
pJiospJiate): — 

(°)  (°)  (°) 

©-e^©-©-©-©-(L)-©-(i)-©-© 
I     I     i  I 

©   ©   ©  © 

I         I         I  T 


Dodecabasic  phosphoric  acid    P^QO^gNao^g. 

Sodium  salt  (Eleitmann  and  Henneberg)  (JDodecasodic  deca- 
pTiosphate): — 

©-g^©-  -©-(^-  -©-S-©-© 
© 


L 


J8 


116 


PHOSPHOROUS  ACID. 


PHOSPHOROUS  ANHYDRIDE. 
P  0  . 

Molecular  weigJit  =110. 

Preparation. — By  the  slow  oxidation  of  phosphorus  in  a 
gentle  current  of  dry  air. 

Beaction. — In  contact  with  water  it  produces  phosphorous 
acid : — 

-Pfi,    +    30H,    =  2P0HH0,. 

Phosphorous  Water.  Phosphorous 

anhydride.  acid. 


PHOSPHOROUS  ACID, 
POHHo,, 

Molecular  weight  =%2, 

JPreparation. — 1.  By  the  action  of  water  on  phosphorous 
anhydride  as  above. 

2.  By  the  slow  oxidation  of  phosphorus  in  moist  air. 

3.  By  the  action  of  water  upon  phosphorous  chloride  (see 

p.  111). 

4.  By  passing  chlorine  through  phosphorus  under  hot  water. 
jReactions. — 1.  When  heated,  it  yields  phosphoric  acid  and 

phosphoretted  hydrogen : — 

4POHHo,    =    3POH03    +  PH3. 

Phosphorous  Phosphoric  Phosphoretted 

acid.  acid.  hydrogen,. 

2.  It  absorbs  oxygen  from  the  air,  yielding  phosphoric  acid : — 
2POHH0,    +  =  2POH03. 

Phosphorous  acid.  Phosphoric  acid. 


METAPHOSPHORIC  ACID. 
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PHOSPHORIC  ANHYDRIDE. 

Molecular  weight  =14i2. 

Freparation. — By  burning  phosphorus  in  excess  of  dry.  air 
or  oxygen. 

Eeaction. — By  contact  with  water  it  forms  metaphosphoric 
acid : — 

P,0,    +    OH,    =  2PO,Ho. 

PhosiDhoric  Water.  Metaphosphoric 

anhydride.  acid. 


METAPHOSPHORIC  ACID. 
PO^Ho. 

Molecular  weight  =80. 

Freparation. — 1.  By  dissolving  phosphoric  anhydride  in 
water  (see  above). 

2.  By  heating  phosphoric  acid  to  redness — 


POH03    =    PO.Ho    +  OH,. 

Phosphoric  Metaphos-  Water, 

acid.  phoric  acid. 

Preparation  of  metapTiospJiates. — The  metaphosphates  may  be 
produced — 

1.  By  igniting  a  dihydric  phosphate  with  a  fixed  base : — 

POHo.Nao    =    PO^lSTao    +  OH,. 

Dihydric  sodic  Sodic  Water, 

phosphate.  metaphosphate. 

2.  By  igniting  a  monohydric  phosphate  which  contains  one 
atom  of  a  volatile  base  : — 

POHolSraoCN^H^O)    =    PO^Nao    +    NH3    -f  OH,. 

Hydrio  sodic  ammonic  Sodic  Ammonia.  Water, 

phosphate.  metaphosphate. 

3.  By  igniting  a  dihydric  pyrophosphate  : — 

P,03Ho,]N'ao,    =    2PO,Nao    +  OH,. 

Dihydric  disodic  Sodic  Water, 

pyrophosphate.  metaphosphate. 
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PHOSPHORIC  ACID. 


PYROPHOSPHORIC  ACID. 

Molecular  weight  =178. 

Preparation. — By  decomposing  plumbic  pyrophosphate  by 
hydrosulphuric  acid : — 

P,03Pbo",    +    2SH,    =    2PbS"    +  P.OgHo,. 

Plumbic  Sulphuretted  Plumbic  Pyrophosphoric 

pyrophosphate.  hydrogen.  sulphide.  acid. 

Pyrophosphates  are  prepared  by  heating  monohydric  phos- 
phates containing  two  atoms  of  a  fixed  base  :— 

2POHo:N'ao,    =    P^OgNao,    +  OH,. 

Hydrie  disodic  Sodic  Water, 

phosphate.  pyrophosphate. 


PHOSPHORIC  ACID,  Orthophosploric  Acid. 
POH03. 

Molecular  weight  =98. 

JPreparation. — 1.  By  boiling  a  solution  of  phosphoric  anhy- 
dride or  of  metaphosphoric  acid  in  water : — 

P.O^    +    3OH3    =  2POH03. 

Phosphoric  Water.  Phosphoric 

anhydride.  acid. 

2.  By  the  oxidation  of  amorphous  phosphorus  with  nitric 
acid,  and  then  boiling  the  product  with  water. 

3.  By  the  action  of  water  upon  phosphoric  chloride  and 
phosphoric  oxytrichloride  (see  pp.  112  and  113). 

4.  By  the  combustion  of  phosphoretted  hydrogen  in  air  or 
oxygen : — 

PH3    +    20,    =  POH03. 

Phosphoretted  Phosphoric 
hydrogen.  acid. 
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5.  By  decomposing  tricalcic  dipliosphate  (bone-ash)  with  a 
large  excess  of  sulphuric  acid  :■ — 

P,0,Cao"3  +  3SO,Ho3    +    60H,    =  2POH03 

Tricalcic  Sulphuric  Water.  Phosphoric 

diphosphate.  acid.  acid. 

4-  3SHo,Cao". 

Gypsum.  Tetrahydric 
calcic  sulphate. 

Beaction. — When  heated  to  213°,  it  produces  pyrophos- 
phoric  acid : — 

2POH03    =    P.OgHo,    +  OH,. 

Phosphoric  Pyrophosphoric  Water, 

acid.  acid. 

The  phosphates  are  a  numerous  and  important  class  of  salts. 
The  following  list  contains  some  of  the  most  interesting : — 

Common    sodie    phosphate  1  poHoNao,,  120H,. 

{ILydric  disodic  'phosphate)  J 

Trisodic  phosphate    PONao3, 12OII2. 

Hydric  sodic  potassic  phosphate  POHoNaoKo,  OH^. 

Apatite  {Francolite)    P303Cao"4^^Ca"  ^• 

Triple  phosphate  {Diammonic  1  p  „ 

dimagnesic  diphosphate)    ...J  ^  i^^^^^,^  ■i'X^^^r 

Yivianite   P,0,Feo"3,  80H,. 

Wavellite    ^fi^^'^'S^y,.  120H,. 

Pyromorphite    '^fi^^^^'i^X^^''^ 


AESEI^IC,  As,. 

Atomic  weight  =75.  Molecular  weight  =300.  Molecular 
volume  I  I  1.  1  litre  of  arsenic  vapour  weighs  150  criths. 
Sp.  gr.  5-^  to  5-9.  Volatile  at  180°.  Atomicity  "'  and  \ 
Evidence  of  atomicity  :- — 
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ARSENIURETTED  HYDROGEN. 


Arseniuretted  hydrogen    As'"!!,. 

Arsenious  chloride   As'"Cl3. 

Tetrethylarsonic  chloride   As^Et^Cl. 

Occurrence. — In  nature,  in  various  ores,  and  sometimes  in 
the  free  state.  In  some  mineral  waters,  and  in  the  mud  of 
rivers. 

Preparation. — By  reducing,  with  charcoal,  arsenious  anhy- 
dride, which  is  produced  in  the  roasting  of  many  ores : — 

As.Og    +    3C    =    As^    +  SCO. 

Arsenious  Carbonic 
anhydride.  oxide. 


COMFOTIND  OF  ABSENIO  WITH  RYDBOGIlJSr. 

ARSENIURETTEB  HYDROaEN,  Arsenious  Hydride. 

ASH3. 

Molecular  weight  =7S.    Molecular  volume  \  I  1.    \  litre  weighs 
39  critJis.    Boils  at  —40°. 

Preparation. — 1.  In  the  pure  state  by  the  action  of  sulphuric 
acid  on  an  alloy  of  arsenic  and  zinc : — 

As,Zn"3    +    3SO,Ho,  =    3SO,Zno"    +  2ASH3. 

Arsenious  Sulphuric  Zincic  Arseniuretted 

zincide.  acid.  sulphate.  hydrogen. 

2.  By  the  action  of  nascent  hydrogen  upon  soluble  arsenic 
compounds,  as  by  the  introduction  of  arsenious  acid  into  an 
apparatus  evolving  hydrogen : — 

ASH03    +  =    ASH3    +  30H,. 

Arsenious  Arseniuretted  Water, 

acid.  hydrogen. 

Reactions. — 1.  "When  burnt  with  free  access  of  air,  it  giTe.s 
water  and  arsenious  anhydride : — 

2ASH3    +    3O2    =    As,03    +  SOH,- 

Arseniuretted  Arsenious  Water, 

hydrogen.  anhydride. 


ARSENIOUS  CHLORIDE. 
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2.  When  burnt  with  a  limited  supply  of  air,  it  yields  water 
and  free  arsenic : — 

4ASH3    +    30,    =   As,    +  60H,. 

Arseniuretted  Water, 
hydrogen. 

3.  "When  exposed  to  a  red  heat,  it  is  decomposed  into  arsenic 
and  hydrogen. 

4.  Passed  through  a  solution  of  argentic  nitrate,  it  yields 
a  precipitate  of  metallic  silver,  arsenious  and  nitric  acids  re- 
maining in  solution : — 

6NO,Ago    +    30H,    +    ASH3    =  6NO3H0 

Argentic  nitrate.  Water.  Arseniuretted  Nitric  acid. 

hydrogen. 

+       ASHO3        +  ^^g2- 

Arsenious  acid. 

COMFOTTJS'D  OF  ABSEmO  WITH  GHLOBINE. 
ARSENIOUS  CHLORIDE. 
ASCI3. 

Molecular  weight  =181*5.    Molecular  volume  11  !.    1  litre  of 
arsenious  chloride  vapour  weighs  90"75  criths.   Sp.gr.  2*205. 
Boils  at  132°. 

Preparation. — 1.  By  the  action  of  dry  chlorine  upon  arse- 
nic : — 

As^    +    3C1,    =  2ASCI3. 

Arsenious 
chloride. 

2.  By  distilling  arsenic  with  mercuric  chloride  (corrosive 
sublimate)  : — 

As,    +    6HgCl,    =    3'Hg;Cl,    +  2ASCI3. 

Mercuric  Mercurous  Arsenious 

chloride.  chloride.  chloride. 

3.  By  distilling  sodic  chloride,  arsenious  anhydride,  and  sul- 
phuric acid : — 

As,03    +    6NaCl    +    6SO,Ho,    =  2ASCI3 

Arsenious  Sodic  Sulphuric  Arsenious 

anhydi'ide.  chloride.  acid.  chloride. 

+    eSO^HoNao    +  3OH3. 

Hydric  sodic  Water, 
sulphate. 

& 
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ARSENIOUS  ACID. 


Reaction. — With  excess  of  water  it  forms  arsenious  and 
hydrochloric  acids : — 

ASCI3    -f    3OH3  =    3HC1    +  ASH03. 

Arsenioua               Water.  Hydrochlo-  Arsenious 

chloride.  ric  acid.  acid. 


COMPOUNDS  OF  ABSENIC  WITH  OXYGEN  AND 

HYDBOXTL. 


Arsenious  anhydride   As^Og. 

Arsenic  anhydride   As^Og. 

Arsenious  acid    AsHog. 

Arsenic  acid    AsOHOg. 


ARSENIOUS  ANHYDRIDE. 
As.Og. 

Molecular  weigJit  =198.     Molecular  volume  1  litre  of 

arsenious  anhydride  vapour  weighs  198  criths  {anomalous), 
Sp.  gr.  3-7. 

Occurrence.- — Very  rare  in  nature. 
Preparation. — 1.  By  burning  arsenic  in  air  or  oxygen. 
2.  By  roasting  arsenical  ores  in  certain  metallurgical  opera- 
tions. 

ARSENIOUS  ACID. 
AsHog. 

Molecular  weight  =126. 
Only  known  in  solution. 

Arsenious  acid  forms  many  salts,  of  which  the  following  an 
examples : — 

Dihydric  potassic  arsenite  (Fowler^s 

solution)   AsHOgKo. 

Hydric  cupric  arsenite  (Scheele's 
green)   AsHoCuo". 

Triargentic  arsenite    AsAgOg. 


ARSENIC  ACID. 
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A  monobasic  arsenious  acid,  AsOHo,  corresponding  to  ni- 
trous acid,  appears  to  exist,  one  of  its  compounds,  AsOAmo, 
being  known.  Arsenious  acid  when  boiled  with  cupric  ace- 
tate yields  Schweinfurt  green,  SAs^O^Cuo",  Cu(C2H302)2. 


ARSENIC  ANHYDRIDE. 
As,0, 

Molecular  weight  =230. 

Freparation. — By  heating  arsenic  acid  nearly  to  redness : — 
2ASOHO3    =    30H,    +  As^O,. 

Arsenic  acid.  Water.  Arsenic 

anhydride. 


ARSENIC  ACID. 


ASOH03. 

Molecular  toeight  =142. 

Preparation. — By  treating  arsenious  anhydride  with  nitric 
acid : — 

+  2NO,,Ho  -f  20H,  =  2ASOH03  +  N,0, 


As,03 

Arsenious 
anhydride. 


Nitric  acid. 


Water. 


Arsenic  acid. 


2  3 

Nitrous 
anhydride. 


Salts  are  known  derived  from  acids  of  the  three  follow ino- 


formulae : — - 


AsO.Ho, 

Metarsenic  acid. 

corresponding 
to 


ASOH03, 

Arsenic  acid. 

corresponding 
to 


As,03Ho„ 

Pyrarsenic  acid. 

corresponding 
to 


PO.^Ho 

Metaph  osphoric 
acid. 

and 
NO^Ho. 

Nitric  acid. 


POHO3. 

Phosphoric 
acid. 


Pyrophosphoric 
acid. 


g2 
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SULPHIDES  OF  ARSENIC. 


COMPOUNDS  OF  ARSENIC  WITH  SULPHUR  AND 

HTDROSULPHTL. 

Realgar   {  ^sl'  = 


Sulpliarsenious  anhydride  (Arsenious  1  g,, 
sulphide)   j       ^  ^ 

Sulpharsenic  anhydride  (Arsenic  sul- 1  g„ 
phide)   J       ^  ^ 

Sulpharsenious  acid   ASHS3. 

Sulpharsenic  acid   AsS"Hs3, 


REALG-AR,  Diarsenious  Disulphide. 

'As",s",  or  {A^s;;. 

Molecular  iveiglit  =214.    Sp.  gr.  3'5. 
Occurrence. — Found  native. 

Preparation. — By  heating  sulphur  with  arsenious  anhy- 
dride : — 

.       +    2As,03    =    3S0,    +  2'As",S",. 

Arsenious  Sulphurous  Eealgar. 

anhydride.  anhydride. 


SULPHARSENIOUS  ANHYDRIDE,  Arsenious  Sulphide, 

Orpiment. 

As,S"3. 

Molecular  loeight  =246.    Sp.  gr.  3"5. 
Occurrence. — Found  native. 

Preparation. — By  passing  sulphuretted  hydrogen  through  a 
solution  of  arsenious  anhydride  in  h^^drochloric  acid  : — 
2ASCI3    +    3SH,    =    6HC1    +  As^S'V 

Arsenious  Sulphuretted       Hydrochloric  Arsenious 

chloride.  hydrogen.  acid.  sulphide. 
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Beaction. — Arsenious  sulphide  dissolves  in  caustic  alkali, 
producing  an  arsenite  and  a  sulpharsenite : — 

As,S"3  +  40KH  =  AsHoKo,  +  AsHsKs,  +  OH,. 

Arsenious  Potassic  Hydric  dipo-  Sulphhydric  Water, 

sulphide.  hydrate.  tassic  arsenite.  disulphopotassic 

sulpharsenite. 

By  the  addition  of  an  acid,  the  arsenious  sulphide  is  repre- 
cipitated : — 

AsHoKo^    +    AsHsKs,    +    4HC1    =  4KC1 

Hydrie  dipotas-  Sulphhydric  Hydrochloric  Potassic 

sic  arsenite.  disulphopotassic  acid.  chloride, 

sulpharsenite. 

+    As,S",    +  30H,. 

Arsenious  Water, 
sulphide. 

Proustite  is  a  native  sulphargentic  sulpharsenite,  AsAgSg. 

SULPHAESEHIC  ANHYDRIDE,  Arsenic  Sulphide. 

Molecular  weight  =310. 

Preparation. — By  fusing  together  arsenious  sulphide  and 
sulphur.  Sulpharseniates  may  be  obtained  by  passing  sulphu- 
retted hydrogen  through  solutions  of  arseniates : — 

AsOHoNao,    +    4SH,    =    AsSHsNas,    +  40H,. 

Hydrie  disodie  Sulphuretted       Sulphhydric  disulpho-  Water, 

arseniate.  hydrogen.  sodic  sulpharseniate. 

ANTIMONY,  SbJ 

Atomic  weight  =122.    Prohable  molecular  weight  =488.  Sp. 
gr.  6*7.    Fuses  at  430°.    Atomicity  "'  and  ^.    JEvidence  of 
atomicity  :— 

Antimonious  chloride    Sb"'Cl3. 

Antimonic  tetretho- chloride 

{Tetrethyl-stihonic  chloride) . 
Antimonic  chloride    Sb'CL. 

0 


I  Sb^Et.Cl. 
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ANTIMONIURETTED  HYDROGEN. 


Occurrence. — To  a  small  extent  in  the  native  state.  Alloyed 
with  metals  in  a  few  minerals.  Sometimes  in  the  form  of 
oxide,  hut  principally  in  the  form  of  grey  antimony  ore  or 
stibnite,  which  consists  of  antimonious  sulphide. 

Preparation. — 1.  By  fusing  the  native  sulphide  and  intro- 
ducing metallic  iron,  which  removes  the  sulphur : — 

S\^\    +    3Fe    =    3FeS"    +  Sb,. 

Antimonious  Ferrous 
sulphide.  sulphide. 

2.  The  native  sulphide  is  roasted  in  contact  with  the  air, 
when  it  is  partially  converted  into  antimonious  oxide : — 

2Sb,S"3    +    90,    =    2Sb,03    +  6S0,. 

Antimonious  Antimonious  Sulphurous 

sulphide.  oxide.  anhydride. 

The  roasted  mineral  is  then  fused  with  charcoal  and  sodic 
carbonate.  The  reaction  takes  place  in  two  stages  :  first,  the 
remaining  sulphide  is  converted  into  oxide  by  the  sodic  carbo- 
nate, and  subsequently  the  oxide  is  reduced  by  the  carbon ; — 

1.  Sb,S"3  +  SCONao,  =  3C0,  +  3SNa,  +  Sb,03; 

Antimonious  Sodie  Carbonic  Sodic  Antimonious 

sulphide.  carbonate.  anhydride.        sulphide.  oxide. 

2.  Shfi,  +       3C      =  3C0  +  Sb,. 

Antimonious  Carbonic 
oxide.  oxide. 

3.  Antimony  may  be  obtained  in  the  pure  condition  by 
reducing,  with  charcoal,  the  oxide  formed  by  the  action  of  nitric 
acid  upon  crude  antimony. 


COMPOUND  OF  ANTIMONY  WITH  RYDBOGJEN. 

ANTIMONIURETTED  HYDROGEN,  Antimonious  Hydride. 

SbHg. 

Molecular  weight  =12^? 

This  compound  is  unknown  in  the  pure  condition. 


ANTIxMONIURETTED  HYDROGEN. 
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Preparation. — 1.  By  tlie  action  of  hydrochloric  acid  upon  an 
alloy  of  zinc  and  antimony : — 

Sb,Zn"3    +    6HC1    =    2SbH3    +  3ZnCl,. 

Antimonious  Hydrochloric        Antimonious  Zincic 

zincide.  acid.  hydride.  chloride. 

2.  By  the  action  of  nascent  hydrogen  evolved  from  zinc  and 
sulphuric  acid  upon  soluble  antimony  compounds.  In  both 
these  reactions  the  antimonious  hydride  is  always  mixed  with 
much  hydrogen : — 

SbClg    +    3H,    =    SbHg    +  8HC1. 

Antimonious  Antimonious  Hydrochloric 

chloride.  hydride.  acid. 

Reactions. — 1.  When  burnt  in  air  or  in  oxygen,  it  yields 
water  and  antimonious  oxide : — 

2SbH3    +    30,    =    Sb.Og    +  30H,. 

Antimonious  Antimonious  Water, 

hydride.  oxide. 

2.  When  burnt  with  a  limited  supply  of  air  the  hydrogen 
only  is  oxidized,  the  antimony  being  deposited : — 

4SbH3     +  30^    =    Sb,    +  60H,. 

Antimonious  Water, 
hydride. 

3.  Decomposed  into  its  elements,  like  arsenious  hydride, 
when  passed  through  a  red-hot  tube. 

4.  When  transmitted  through  a  solution  of  argentic  nitrate, 
it  produces  a  precipitate  of  antimonious  argentide,  thus^  dif- 
fering from  arsenious  hydride  (see  p.  121): — 

3WO,Ago    +   SbHg    =    3NO,Ho    +  SbAgg. 


Argentic  Antimonious  Nitric  Antimonious 

nitrate.  hydride.  acid.  argentide. 

Prom  the  composition  of  this  compound,  and  from  that  of 
some  of  its  analogues,  the  composition  of  antimonious  hydride 
is  inferred. 

Antimonious  hydride   SbHg. 

Antimonious  bromide   SbBr3. 

Antimonious  argentide   SbAgg. 
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ANTIMONIOUS  CHLORIDE. 


Antimonious  zincide    Sb^Zn" 

Antimonious  ethide.  {TrietJiylstiline,)  SbEtg. 
Antimonious  amylide.  {Triamylstibine)  SbAy-g. 


COMPOUNDS  OF  ANTIMONY  WITH  CRLOBINE. 

Antimonious  chloride   SbClg. 

Antimonic  chloride   SbCL. 


ANTIMONIOUS  CHLORIDE. 
SbClg. 

Molecular  weight  =  228*5.  Molecular  volume  I  I  I.  1  litre  of 
antimonious  chloride  vapour  weighs  114*25  criths.  Fuses 
at  72°.    Boils  at  223° 

Preparation. — 1.  By  passing  chlorine  over  excess  of  metallic 
antimony  or  antimonious  sulphide,  and  purifying  by  distil- 
lation : — 

Sb,    +    3C1,    =  2SbCl3. 

Antimonious 
chloride. 

2Sb,S"3    +    9C1,    =    4SbCl3    +  S'S'^Cl,. 

Antimonious  Antimonious  Disulphur 

sulphide.  chloride.  dichloride. 

2.  By  dissolving  antimonious  sulphide  in  hydrochloric  acid, 
or  antimony  in  hydrochloric  acid  containing  a  little  nitric  acid, 
evaporating  and  distilling  the  product : — 

Sb,S"3    +    6HC1  =    3SH,     +  2SbCl3. 

Antimonious      Hydrochloric      Sulphuretted  Antimonious 
sulphide.  acid.  hydrogen.  chloride. 

Sb,  +  6HC1  +  6NO,Ho  =  2SbCl3  +  +  3'N^\0,. 

Hydrochloric  Nitric  Antimonious        Water.  Nitric 

*cid.  acid.  chloride.  peroxide. 
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3.  By  distilling  antimony  or  antimonious  snlpMde  with 
mercuric  chloride : — 

Sb,  +  4HgCl,    =  2SbCl3    +    'Sb",Hg",   +  'Hg'^Cl,. 

Mercuric  Antimonious  Dimercuric  Mereurous 

chloride.  chloride.  diantimonide.  chloride. 

S\S",    +    3HgCl,    =    2SbCl3    +  3HgS". 

Antimonious  Mercuric  Antimonious  Mercuric 

sulphide.  chloride.  chloride.  sulphide. 

4.  By  distilling  antimonious  sulphate  with  sodic  chloride : — 
S30,Sbo"',     +    6NaCl    =    2SbCl3    +  3SO,Nao,. 

Antimonious  Sodic  Antimonious  Sodic 

sulphate.  chloride.  chloride.  sulphate. 

Reaction. — With  water  it  produces  antimonious  oxychlo- 
ride : — 

SbCl3    +    OH,    =    2HC1    +  SbOCl. 

Antimonious  Water.         Hydrochloric  Antimonious 

chloride.  acid.  oxychloride. 

Long-continued  action  of  water  transforms  this  compound 
into  antimonious  oxide : — 

2SbOCl    +    OH,    =    2HC1    +  Sb,03. 

Antimonious  Water.  Hydrochloric  Antimonious 

oxychloride.  acid.  oxide. 


ANTIMONIC  CHLOHIDE. 
SbClg. 

Molecular  weight  =299 '5.    Fuses  at  0°. 

Preparation. — 1.  By  acting  upon  antimony  with  excess  of 
chlorine : — 

Sb,    +    5C1,    =  2SbCl,. 

Antimonic 
chloride. 

2.  By  passing  chlorine  over  antimonious  chloride,  the  latter 
liquefies,  producing  antimonic  chloride ; — 

SbClg    +    CI,    =  SbCl^. 

Antimonious  Antimonic 
chloride.  chloride. 

e5 
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OXIDES  AND  ACIDS  OF  ANTIMONY. 


Beactions. — 1.  "With  a  small  quantity  of  water  it  forms 
antimonic  oxytricliloride,  analogous  to  phosphoric  oxytrichlo- 
ride: — 

SbClg    +    OH,    =    SbOCl3    +  2HC1. 

Antimonic  Water.  Antimonic  Hydrochloric 

chloride.  oxytrichloride.  acid. 

2.  An  excess  of  water  transforms  antimonic  chloride  into 
orthantimonic  acid  or  pyrantimonic  acid,  corresponding  to 
pyrophosphoric  acid : — 


SbCl,    +  40H, 

Antimonic  Water, 
chloride. 

or  2SbCl,    +  70H, 

Antimonic  Water, 
chloride. 


:    SbOHo3    +  5HC1: 

Orthantimonic  Hydrochloric 
acid.  acid. 

=    SbPgHo,    +  lOHCl. 

Pyrantimonic  Hydrochloric 
acid.  acid. 


3.  By  the  action  of  sulphuretted  hydrogen  antimonic  sul- 
photrichloride  is  formed  : — 

SbClg    +    SH,    =    SbS"Cl3    +  2HC1. 

Antimonic         Sulphuretted  Antimonic  Hydrochloric 

chloride.  hydrogen.        sulphotrichloride.  acid. 

Antimonious  hromide,  SbBr3,  resembles  antimonious  chloride ; 
it  fuses  at  90°,  boils  at  270°,  and  by  the  action  of  water  is 
converted  into  the  oxylromide,  SbOBr. 

Antimonious  iodide,  Sbig,  when  acted  upon  by  water  forms 
the  oxy iodide,  SbOI. 

The  corresponding ^t^on'^^^,  SbFg,  is  said  to  exist  and  to  be 
soluble  in  water  without  decomposition. 


OXIBm  AND  ACIDS  OF  ANTIMONY. 

Antimonious  oxide  or  anhydride    Sb^Og. 

Diantimonic  tetroxide   'Sb'''204. 
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Antimonic  anhydride    Sb^Og. 

Metantimonious  acid    SbOHo. 

Ortliantimonic  acid    SbOHOg  ? 

Metantimonic  acid    Sb02Ho. 

Pjrantimonic  acid    Sb^Ogllo^. 


ANTIMONIOUS  OXIDE,  OR  ANHYDRIDE. 

Sb,03. 

Molecidar  weight  =292. 

Occurrence. — In  nature  in  the  rare  minerals  valentinite  and 
senarmontite. 

Preparation. — 1.  By  burning  antimony  in  air : — 

2Sb,    +    30,    +  2Sb,03. 

Antimonious 
oxide. 

2.  By  pouring  a  solution  of  antimonious  chloride  in  dilute 
hydrochloric  acid  into  a  boiling  solution  of  sodic  carbonate : — 

2SbCl3  +    SCONao,    =    Sb,03  +   SCO,  +  6NaCl. 

Antimonious  Sodic  Antimonious        Carbonic  Sodic 

chloride.  carbonate.  oxide.  anhydride.  chloride. 

3.  By  heating  metantimonious  acid  to  the  temperature  of 
boiling  water : — 

2SbOHo    =    OH,    +  Sb.Og. 

Metantimonious  Water.  Antimonious 

acid.  oxide. 

Reactions. — 1.  When  heated  to  redness  in  the  air,  it  burns 
like  tinder,  forming  diantimonic  tetroxide : — 

Sb.Og    +    O    =  Sb^O. 

Antimonious  Diantimoni 
oxide.  tetroxide. 
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METANTIMONIOUS  ACID. 


2.  Eeadily  reduced  to  the  metallic  state  by  ignition  with 
charcoal,  hydrogen,  &c. : — 


Antimonious 
oxide. 


H-    C,    =  +  SCO. 


Carbonic 
oxide. 


Antimonious 
oxide. 


+    3H,    =    Sb,    +  30H, 


Water. 


3.  Readily  dissolved  by  a  hot  solution  of  hydric  potassic  tar- 
trate (cream  of  tartar),  forming  potassic  antimony  lie  tartrate 
(tartar  emetic) : — 


rCOHo 
J  CHHo 
CHHo 
GOKo 

Hydric  potassic 
tartrate  (Cream 
of  tartar). 


+ 


Antimonious 
oxide. 


rco(Sb"'o,) 

^  J  CHHo 
^  ^  CHHo 
^COKo 

Potassic  antimonylie 
tartrate  (Tartar 
emetic). 


+  OH, 


Water. 


4.  Dissolved  by  hydrochloric  acid,  forming  antimonious 
chloride : — 


Sb,03 

Antimonious 
oxide. 


+    6HC1    =    2SbCl3  + 

Hydrochloric  Antimonious 
acid.  chloride. 


30H,. 

Water. 


METANTIMONIOUS  ACID. 
SbOHo. 

Molecular  weight  =155. 

Preparation. — By  pouring  a  solution  of  antimonious  chloride 
into  a  cold  solution  of  sodic  carbonate  : — 

2SbCl3    +    SCONao,    +    OH,    =  2SbOHo 

Antimonious  Sodic  Water.  Metantimonious 

chloride.  carbonate.  acid. 

+    3C0,    +  6NaCl. 

Carbonic  Sodic 
anhydride.  chloride. 


ANTIMONIC  ANHYDRIDE. 
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Beactions. — 1.  Decomposed  by  heat  (page  131). 
2.  Keadily  dissolved  by  alkaline  hydrates,  producing  ill-de- 
fined antimonites. 


DIANTIMONIC  TETROXIDE. 

\SbO,    -  ^"^ 

Molecular  weight  =308. 

Occurrence. — Pound  native  as  cervantite. 

Preparation. — 1.  By  igniting  antimonic  oxide,  or  the  white 
solid  produced  by  the  action  of  nitric  acid  upon  metallic  anti- 
mony : — 

2Sb,03   =   2;Sb'^,0,    +  o,. 

'  Antimonic  Diantimonie 

oxide.  tetroxide. 

2.  By  heating  antimonious  oxide  in  contact  with  the  air : — 
2Sbp3    +    O,    =  2'Sb%0,. 

Antimonious  Diantimonie 
oxide.  tetroxide. 


ANTIMONIC  ANHYDRIDE. 
Sb,0,. 

Molecular  weigJit  =324.    Sjp.gr.  6'6. 

Preparation. — By  gently  heating  the  corresponding  acids  : — 


2SbOHo3 

=  Sb,o, 

30H, 

Orthantimonic 
acid. 

Antimonic 
anhydride. 

Water. 

2SbO,Ho 

=  Sb,0, 

+ 

OH,. 

Metantimonie 
acid. 

Antimonic 
anhydride. 

Water. 

Sbp.Ho, 

=  Sb,o, 

+ 

20H,. 

Pyrantimonic 
acid. 

Antimonic 
anhydride. 

Water. 
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METANTIMONIC  ACID. 


Beactions. — 1.  When  heated,  it  is  decomposed  into  dianti- 
monic  tetroxide  and  oxygen  (see  page  133). 

2.  Pused  with  potassic  carbonate,  it  produces  potassic  met- 
antimoniate : — 

Sbp,    +    COKo,    =    2SbO,Ko    +  CO,. 

Antimonic  Potassic  Potassic  Carbonic 

anhydride.  carbonate.  metantimoniate.  anhydride. 


ORTHANTIMONIC  ACID  ? 
SbOHo3  ? 

Preparation. — Said  to  be  formed  by  the  action  of  water  upon 
antimonic  chloride  (see  p.  130). 


METANTIMONIC  ACID. 
SbO^Ho. 

Preparation. — 1.  By  the  action  of  nitric  acid  containing  a 
little  hydrochloric  acid  on  metallic  antimony  : — 

Sb^    +    4NO,Ho    =    2SbO,Ho    +  N.Og 

Nitric  acid.  Metantimonic  Nitrous 

acid.  anhydride. 

+    'N-p,    +  OH,. 

Nitric  oxide.  Water. 

2.  By  the  spontaneous  dehydration  of  orthantimonic  acid, 
or  of  pyrantimonic  acid  ; — 

SbOHo3    =    OH,    +  SbO.Ho; 

Orthantimonic  Water.  Metantimonic 

acid.  acid. 

Sbp3Ho,    =    OH,,    +  2SbO,Ho. 

Pyrantimonic  Water.  Metantimonic 

acid.  acid. 


PYRANTIMONIC  ACID. 
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Beaction. — By  tlie  action  of  alkaline  hydrates  it  produces 
either  metantimoniates  or  orthantimoniates  : — 

SbO.Ho    +    OKH    =    SbO.Ko    +  OH,; 

Metantimonic  Potassic  Potasssic  Water, 

acid.  hydrate.  metantimoniate. 

SbO.Ho    +    OKH    =  SbOHo.Ko. 

Metantimonic  Potassic  Dihydric  potassic 

acid.  hydrate.  orthantimoniate. 

PYRANTIMONIC  ACID,  Parantimonic  Acid. 
{Metantimonic  acid  of  Fremy.^ 

Preparation. — By  acidifying  solutions  of  pyrantimoniates ; — ■ 
Sbp3Ko,Ho,    +    2HC1    =    Sb,03Ho,    -f  2KC1. 

Dihydric  dipotp.ssic  Hydrochloric  Pyrantimonic  Potassic 

pyrantimoniate.  acid.  acid.  chloride, 

Dihydric  dipotassic  pyrantimoniate  is  prepared  by  fusing  an- 
timonic  anhydride  with  excess  of  potassic  hydrate,  and  extract- 
ing the  mass  with  water,  when  an  alkaline  solution  containing 
dihydric  dipotassic  pyrantimoniate  Sb^OgHo^KOg  is  formed. 
This  solution  produces  precipitates  in  solutions  of  sodium 
salts,  the  sodic  pyrantimoniate  thus  formed  containing 
Sb,03Ho,Nao,,  60H,. 

COMPOUND  OF  ANTIMONY  WITH  OXYQFN 
AND  SULPHVB. 

ANTIMONIOUS  OXYDISULPHIDE. 

rsbs" 

\  O  ==Sb,S",0. 
[  SbS" 

Molecular  weigM  =324. 

Occurs  as  a  rare  mineral  known  as  red  antimony. 


136  ANTIMONIOUS  SULPHIDE. 

COMPOUNDS  OF  ANTIMONY  AND  SULFSUE. 

Antimonious  sulphide    Sb2S"3. 

Antimonic  sulphide   Sb2S"g. 


ANTIMONIOUS  SULPHIDE,  Sulphantimonious  Anhydride. 

Molecular  weight  =340. 

Occurrence. — In  nature  as  stihnite  or  grey  antimony  ore, 
Freparation. — 1.  By  heating  together  antimony  and  sulphur, 
or  antimonious  oxide  and  sulphur  in  the  proper  proportions : — 

2Sb,    +    3S,  =  2Sb,S3. 

Antimonious 
sulphide. 

2S\0,    +    S3    =    2Sb,S"3    +  3S0,. 

Antimonious  Antimonious  Sulphurous 

oxide.  sulphide.  anhydride. 

2.  By  passing  sulphuretted  hydrogen  through  a  solution  of 
antimonious  chloride : — 

2SbCl3    -}-    3SH,    =    Sb,S"3    +  6HCL 

Antimonious         Sulphuretted        Antimonious  Hydrochloric 
chloride.  hydrogen.  sulphide.  acid. 

Reactions. — 1.  Decomposed  by  hot  hydrochloric  acid  (see 
p.  128). 

2.  Soluble  with  decomposition  in  solutions  of  alkaline  hy- 
drates : — 

Sb,S"3   +   6KH0   =   SbKs3   +   SbKo3    +  30H^. 

Antimonious  Potassic  Tripotassic  Tripotassie  Water, 

sulphide.  hydrate.  sulphanti-  antimonite. 

monite. 

Addition  of  an  acid  reproduces  and  precipitates  the  antimo- 
nious sulphide : — 

SbKs3  +  SbKo3  -f  6HC1  =  Sb^S"3  +  6KC1  +  30H,. 

Trisulpho-  Tripotassic          Hydro-  Antimo-           Potassic  Water, 

potassic  antimonite.          chloric  nious  chloride, 

'suliilianti-                                   acid.  sulphide, 
monite. 
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3.  Soluble  in  alkaline  sulphliydrates : — 


Sb,S"3    +    6KHs  =    2SbKs3    +  3SH,. 

Antimonious            Potassic           Trisulphopotassic  Sulphuretted 

sulphide.               sulph-                sulphanti-  hydrogen, 
hydrate.  monite. 


SULPHANTIMONITES. 

Many  sulphantimonites  occur  in  nature : — 

OrtJiosulpliantimonites. 
Oeneral  formidcB : — SbMsg  and  Sb2Ms"3. 

Dark-red  silver.  Trisulphargentic  sulphan- 

timonite   SbAgSg. 

Boulangerite.     TrisulpJioplumbic  sulplian- 

timonite   Sb2Pl)s"3. 

Bournonite.  Disulplioplmibic  suljpliocu- 
prous  sulpliantimonite    Sb2Pbs"2(Cu2S"2)". 

MetasulpJiantimonites. 
General  formulcB :— SbS"Ms  and  Sb,S",Ms". 

Miargyrite.     Sulpliargentic  metasulpTian- 

timonite    SbS"Ags. 

Zinkenite.    SuVpTioplumbic  metasulpJianti- 

monite   Sb^S^^Pbs". 

Antimony  copper  glance.  Sulpliocuprous 

metasulpTiantimonite    Sb2S"2(Cu2S"2)" 

Bertbierite.     Sulphoferrous  metasidphan- 

timonite   Sb„S''Pes" 


2  2 


PyrosulpTiantimonites. 
General  formulce :— Sb,S"Ms,  and  Sb,S"Ms'V 
Feather  ore.    SulpJiojplumbic  pyrosulphan- 

timonite    Sb.S'Tbs'V 

Fabl  ore.   SulpJiocuprosoferrous  pyrosul'pli- 
antimonite    Sb,S"(Cu,FeS"3yV 
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ANTIMONIC  SULPHIDE. 


ANTIMONIC  SULPHIDE,  Sulphantimonic  Anhydride. 


Molecular  weigJit  =404. 


Preparation. — 1.  By  passing  sulpliiiretted  hydrogen  through 
a  solution  of  antimonic  chloride : — 

2SbCl,    +    5SH,    =    Sb^S",    +  lOHCL 

Antimonic  Sulphuretted  Antimonic  Hydrochloric 

chloride.  hydrogen.  sulphide.  acid. 

2.  By  the  addition  of  an  acid  to  a  solution  of  a  sulphanti- 
moniate : — 

2SbS"]N'as3  +  6HC1  =  Sb^S",  +  GN'aCl  + 

Trisulphosodic  Hydro-  Antimonic  Sodic  Sulphu- 

Bulphantimoniate.  chloric  sulphide.  chloride.  retted 

acid.  hydrogen. 

Heactions. — 1.  Decomposed  by  boiling  hydrochloric  acid,  into 
antimonious  chloride,  sulphuretted  hydrogen,  and  sulphur : — 

Sb,S",    +    6HC1    =    2SbCl3    +    3SH,    +  S,^. 

Antimonic  Hydro-  Antimonious  Bulphu- 

sulphide.  chloric  chloride.  retted 

acid.  hydrogen. 

2.  Soluble  in  solutions  of  alkaline  sulphides : — 

S\^\    +    3SK,    =  2SbS"Ks3. 

Antimonic  Potassic  Trisulphopotassio 

sulphide.  sulphide.  sulphantimoniate. 

3.  Soluble  in  solutions  of  alkaline  hydrates  : — 

4Sb,S"5  +  240KH  =  3SbOKo3  -f  5SbS"Ks3  +  120H,. 

Antimonic  Potassic  Tripotassic         Trisulphopotassio  Water, 

sulphide.  hydrate.  antimoniate.  sulphanti- 

moniate. 


BISMUTHOUS  CHLORIDE. 


189 


BISMUTH,  Bi,? 

Atomic  weiff Jit  =208.    Sp.^r.  9'SS.    Fuses  at  265°.  Atomicity 

and       Evidence  of  atomicity : — 


III 


Bismuthous  chloride   Bi"'Cl3. 

Bismuthous  oxide   Bi"'203. 

Bismuthous  ethide    Bi"'Et, 

Bismuthous  dichlorethide    Bi"'EtCL. 

Bismuthic  anhydride    Bi^^O 


3' 
6' 


Occurrence. — Principally  in  the  metallic  state  in  nature. 

Preparation. — 1.  On  a  large  scale  by  fusion  and  separation 
from  earthy  impurities. 

2.  It  may  be  obtained  in  the  pure  state  by  dissolving  com- 
mercial bismuth  in  nitric  acid,  precipitating  the  basic  nitrate 
by  addition  of  water,  and  reducing  the  precipitate  by  ignition 
with  charcoal. 

No  compound  of  bismuth  with  hydrogen  is  known. 


COMFOJIND  OF  BISMUTH  WITH  CHLOBINE, 

BISMUTHOUS  CHLOEIDE. 
BiClg. 

Molecular  weiglit  =314'5.    Molecular  volume  1  I  I.    1  litre  of 
bismuthous  chloride  vapour  weighs  157*25  criths. 

Preparation. — 1.  By  passing  dry  chlorine  over  metallic  bis- 
muth : — 

Bi,    +    3C1,    =  2BiCl3. 

Bismuthous 
chloride. 

2.  By  evaporating  a  solution  of  bismuth  in  hydrochloric  acid 
containing  a  little  nitric  acid,  and  distilling. 
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3.  By  distilling  metallic  bismuth  witli  mercuric  chloride : — 
Bi,    +    6HgCl,    =    2BiCl3     +  S'Hg'^Cl,. 


Mercuric  Bismuthous  Mercurous 

chloride.  chloride.  chloride. 

Reaction. — By  the  addition  of  water  it  is  decomposed,  form- 
ing bismuthous  oxychloride : — 

BiClg    +    OH,    =    BiOCl    +  2HC1. 

Bismuthous  Water.  Bismuthous  Hydrochlo- 

chloride.  oxychloride.  ric  acid. 

The  following  compounds  are  also  known : — 

Bismuthous  bromide    BiBrg. 

Bismuthous  iodide    ^ils- 

Bismuthous  fluoride    S^-^^a- 

Bismuthous  oxybromide   BiOBr. 

Bismuthous  oxyiodide   BiOI. 

Dibismuthous  tetrachloride           1 5^S^' 


COMFOUNBS  OF  BISMUTH  WITH  OXYGEN 
AND  HTDBOXTL. 


Dibismuthous  dioxide   \ 

I  BiO. 

Bismuthous  oxide    Bi^Og. 


Dibismuthic  tetroxide    'Bi^^^Of 

Bismuthic  anhydride   Bi^O 

Bismuthous  oxy  hydrate,  or  meta- 
bismuthous  acid   


2^4* 
5* 


BiOHo. 


Metabismuthic  acid   BiOgHo. 


BISMUTHOUS  OXIDE. 


141 


BISMUTHOUS  OXIDE. 

Molecular  weight  =464.         gr,  8 "2. 

Occurrence. — As  the  rare  mineral  hismutli  ochre. 
Freparation. — 1.  By  burning  bismuth  in  air  or  oxygen. 
2.  By  heating  the  nitrate,  carbonate,  or  hydrate : — 


2N306Bio"'  = 

Bismuthous 
nitrate  *. 


Bismuthous 
oxide. 


+ 


3N.O3 

Nitrous 
anhydride. 


+ 


30, 


2NO,(Bi"'Ho,0)  =   mfi,   +   20H,   +  "Nfi, 

Bismuthous  nitrate  Bismuthous  Water.  Nitrous 

dihydrate  t-  oxide.  anhydxid 


CO(BiO,), 

Bismuthylic 
carbonate  J. 


Bi  O 

Bismuthous 
oxide. 


+  CO, 


Carbonic 
anhydride. 


2BiOHo 

Bismuthous 
oxyhydrate. 


LO. 


Bismuthous 
oxide. 


+  OH, 

Water. 


i 
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BISMUTHIC  OXIDE. 


3.  By  boiling  bismutlious  hydrate  in  solution  of  potassic  hy- 
drate, whereby  it  is  converted  into  bismuthous  oxide  with  loss 
of  water. 

Beactions. — Dissolved  by  hydrochloric,  nitric,  and  sulphuric 
acids,  forming  the  bismuthous  chloride,  nitrate,  and  sul- 
phate : — 

BiCl3.         NgO^Bio'".  S30eBio"',. 

Bismuthous    •  Bismuthous  Bismuthous 

chloride.  nitrate.  sulphate. 


BISMUTHOUS  OXYHYDRATE,  Metabismuthous  Acid. 

BiOHo. 

Preparation. — By  pouring  a  solution  of  bismuthous  nitrate 
in  dilute  nitric  acid  into  dilute  ammonia  or  potassic  hydrate, 
and  drying  the  precipitate,  which,  at  first,  probably  contains 
orthobismuthous  acid : — 

N^O^Bio'"    +    30KH    =    BiHo3    +  3NO,Ko. 

Bismuthous  Potassic  Orthobismuthous  Potassic 

nitrate.  hydrate.  acid.  nitrate. 

BiHo3    =    BiOHo    +  OH,. 

Orthobismuthous     Metabismuthous  Water, 
acid.  acid. 

Eeaction. — By  heat  or  by  boiling  with  caustic  alkali,  the 
water  is  expelled,  and  bismuthous  oxide  formed  (see  p.  141). 

An  unstable  metabismuthite  is  produced  by  fusing  bismu- 
thous oxide  with  sodic  carbonate : — 

Bip3    +    OOlSrao,    =    2BiONao    +  CO,. 

Bismuthous  Sodic  Sodic  Carbonic 

oxide.  carbonate.  metabismuthite.  anhydride. 


BISMUTHIC  OXIDE,  OE  ANHTDEIDE. 

Bi,0,. 

Preparation. — By  heating  bismuthic  acid  to  130°. 
Reactions. — 1.  When  heated  to  the  boiling-point  of  mer- 
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ciiry,  it  loses  oxygen,  being  converted  eitiier  into  bismathous 
oxide  or  dibismutbic  tetroxide ; — 

Bismuthic  Bismutlious 
oxide.  oxide. 

2Bi,0,    =    2'Bi%0,    +  0,. 

Bismuthic  Dibismuthie 
oxide.  tetroxide. 

2.  Wben  heated  in  a  current  of  hydrogen,  it  is  readily  reduced 
to  bismuthous  oxide. 

3.  Heated  with  hydrochloric  acid,  it  evolves  chlorine,  produ- 
cing bismuthous  chloride  and  water : — 

Bi^^    +    lOHCl    =    2BiCl3    +    50H,    -f  2C1,. 

Bismuthic  Hydrochloric  Bismuthous  Water, 

oxide.  acid.  chloride. 

4.  Sulphurous  acid  converts  it  into  bismuthous  sulphate  : — 
SBifi,  +  CSOHo,  =  2S303Bio";  +  m^O,    +  60H,. 

Bismuthic  Sulphurous  Bismuthous  Bismuthous  Water, 

oxide.  acid.  sulphate.  oxide. 

5.  When  heated  with  sulphuric  or  nitric  acid,  it  evolves 
oxygen,  producing  bismuthous  sulphate  or  nitrate : — 

Bi,0,    +    3SO,Ho,    =    S30eBio";    +   30H,   +  O,; 

Bismuthic  Sulphuric  Bismuthous  Water, 

oxide.  acid.  sulphate. 

Bifl,    +   6NO,Ho    =    2N303Bio'"    +    30H,   +  O,. 

Bismuthic  Nitric  Bismuthous  Water, 

oxide.  acid.  nitrate. 


METABISMUTHIC  ACID. 
BiO.Ho. 

Preparation. — Obtained  as  a  red  deposit  by  passing  chlorine 
through  a  solution  of  potassic  hydrate  containing  bismuthous 
oxide  in  suspension  : — 

40KH  +  2C],  +  Bip3  =  2BiO,Ho  +  4KC1  +  OH,. 

Potassic  Bismuthous       Metabismuthic         Potassic  Water, 

hydrate.  oxide.  acid.  chloride. 
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BISMUTHOUS  SULPHIDE. 


Iteaction. — Dissolves  in  hot  solution  of  potassic  hydrate.  By 
the  addition  of  an  acid  to  the  liquid,  a  salt,  said  to  have  the 
composition 

Bi,0,HoKo, 

is  precipitated. 


COMPOUNDS  OF  BISMUTH  WITH  SULPHUR. 

Dibismuthous  disulphide    'Bi"2S"2. 

Bismuthous  sulphide    Bi2S"3. 


DIBISMUTHOUS  DISULPHIDE. 

f  BiS"  /gj" 

\  BiS'"  ^  ' 

Molecular  weight  =480.    Sp.  gr.  7 "3. 

Preparation. — By  fusing  bismuth  and  sulphur  together  in 
the  proper  proportions. 

BISMUTHOUS  SULPHIDE. 

Bi^S'V 

Molecular  weight  =512.    Sp.  gr.  6'4. 

Occurrence. — As  the  rare  mineral  hismuth  glance. 
Preparation.— 1.  By  fusing  sulphur  and  bismuth  in  the 
proper  proportions. 

2.  By  precipitating  bismuth  solutions  by  sulphuretted  hy- 
drogen : — 

2BiCl3    +    3SH,     =    Bi,S"3    4-  6HC1. 

Bismuthous  Sulphuretted         Bismuthous  Hydrochloric 

chloride.  hydrogen.  sulphide.  acid. 
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Beaction. — This  compound  is  not  dissolvedby  alkaline  hydrates 
or  sulphhjdrates. 

A  few  sulphobismuthites  are  found  in  nature : — 

Kobellite.  Sulplioplumhic  sulphohismuthite  Bi2Pbs"3. 
Needle  ore.  DisulpJioplumhico-cuprous 
sulphohismuthite   

BISMUTHOUS  DITELLURO-SULPHIDE. 

Bi,Te",S". 

gr.  7-5  to  7*8. 

Occurrence, — In  nature,  as  telluric  bismuth  or  tetradymite. 


CHAPTER  XVII. 

MOl^AD  ELEMENTS. 

Section  III. 

POTASSIUM,  K,. 

Atomic  weight  =39.  Prolable  molecular  weight  =78.  Sp.  gr. 
0*865.  Fuses  at  55°.  Boils  at  a  low  red  heat.  Atomicity  '. 
Evidence  of  atomicity : — 


Potassic  chloride    KCl. 

Potassic  iodide   KI. 

Potassic  hydrate   KHo. 

Potassic  sulphide    SK^. 


Occurrence. — In  rocks  in  the  form  of  silicate,  and  in  soils 
partly  as  carbonate.    As  chloride  in  solid  saline  deposits. 

H 


I  Bi,Pbs",('Cu',S,)". 
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POTASSIUM. 


In  the  juices  of  almost  all  plants,  generally  in  combination 
with  organic  acids. 

In  sea-water  and  in  most  mineral  waters. 

Preparation. — 1.  By  the  action  of  a  powerful  voltaic  current 
upon  potassic  hydrate,  when  potassium  and  hydrogen  are  libe- 
rated at  the  negative  pole : — 

20KH    =  +  +  0,. 

Potassic 
hydrate. 

2.  By  submitting  potassic  hydrate  to  the  action  of  metallic 
iron  at  a  strong  white  heat : — 

40KH    +    3Ee    =    '\Te,y'''0,    +    2K,    +  2H,. 

Potassic  Magnetic  iron 

hydrate.  oxide. 

3.  By  igniting  hydric  potassic  tartrate  (cream  of  tartar)  out 
of  contact  with  air,  and  subsequently  mixing  the  residue,  con- 
sisting of  potassic  carbonate  and  carbon,  with  charcoal,  and 
distilling  at  a  very  high  temperature : — 

Pirst  operation : — 

'COKo 

^ICHHo         COKo,   +  +    4C0     +  3C. 

^COHo 

Hydric  Potassic  Water.  Carbonic 

potassic  carbonate.  oxide, 

tartrate. 

Second  operation : — 
COKo,    +    20    =    3C0    +  K,. 

Potassic  Carbonic 
carbonate.  oxide. 

Reactions. — 1.  Potassium  decomposes  water  at  the  common 
temperature  with  great  energy,  the  heat  evolved  being  suffi- 
cient to  cause  the  ignition  of  the  liberated  hydrogen : — 

+    20H,    =    2KHo    +  H,. 

Water.  Potassic 
hydrate. 

2.  When  potassium  is  ignited  in  a  stream  of  carbonic  anhy- 
dride, a  portion  of  the  latter  is  decomposed : — 

2K,    +    SCO,    =    2COK0,    +  C. 

Carbonic  Potassic 
anhydride.  carbonate. 


POTASSIC  HYDRATE. 
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COMPOUNDS  OF  POTASSIUM  WITH  CHLORINE, 
BROMINE,  IODINE,  ANT)  FLUORINE. 

Potassic  chloride   KCl. 

Potassic  bromide   KBr. 

Potassic  iodide   KI. 

Potassic  fluoride    KF. 

Potassic  iodide  is  prepared  by  digesting  iron  filings,  water, 
and  iodine  together,  filtering  the  colourless  solution,  and  pre- 
cipitating the  iron  by  potassic  carbonate : — 

Ee    +    I,    =  Fel,; 

Ferrous 
iodide. 

Fel,    +    COKo,    =    2KI    +  COFeo". 

Ferrous  Potassic  Potassic  Ferrous 

iodide.  carbonate.  iodide.  carbonate. 


COMPOUND  OF  POTASSIUM  WITH  HYDROXYL. 


POTASSIC  HYDRATE,  Caustic  Potash,  Potash. 
KHo,  or  OKH. 
Preparation. — 1.  By  boiling  in  an  iron  vessel  a  solution  of 
potassic  carbonate  with  calcic  hydrate  : — 

COK02    +    CaHo,    =    2KHo    +  COCao". 


Potassic 
carbonate. 


Calcic 
hydrate. 


Potassic 
hydrate. 


Calcic 
carbonate. 


2.  By  the  action  of  potassium  upon  water  (see  p.  146). 
Reactions. — By  contact  with  acids  potassic  hydrate  produces 
potassium  salts : — 

KCl    +  OH„ 


KHo    +    HCl  = 


Potassic 
hydrate. 

KHo  + 

Potassic  ■  Sulphuric 

hydrate.  acid. 

2KHo  +  SO.Ho, 


Hydrochloric 
acid. 

SO.Ho, 


Potassic 
chloride. 


-2 

Water. 


=    SO.HoKo  + 


Potassic 
hydrate. 


Sulphuric 
acid. 


Hydric  potassic 
sulphate. 

=  SO.Ko, 

Potassic 
Bulphate. 


+ 


OH,; 

Water. 


20H,. 

Water. 


H  2 
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COMPOUNDS  OF  POTASSIUM  WITH  OXYGEN. 


Potassic  oxide... 
Potassic  dioxide 


Potassic  tetroxide 


POTASSIC  OXIDE. 
OK,. 

Preparation. — 1.  By  heating  potassic  hydrate  with  potas- 
sium : — 

2KHo    +  =    20K,    +  H,. 

Potassic  Potassic 
hydrate.  oxide. 

2.  By  fusing  together,  in  a  current  of  nitrogen,  potassic 
peroxide  and  potassium : — 

K,0,    +    3K,    =  40K,. 

Potassic  Potassic 
peroxide.  oxide. 


POTASSIC  DIOXIDE. 

Preparation. — Obtained  by  the  action  of  water  on  potassic 
peroxide. 


POTASSIC  SULPHIDES. 
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POTASSIC  TETROXIDE,  Fotassic  Peroxide. 
Preparation. — By  fusiug  potassium  in  a  current  of  oxygen. 


COMPOUND  OF  POTASSIUM  WITH  HYDEOSULPHYL. 

POTASSIC  SULPHHYDRATE. 

KHs. 

Preparation, — By  saturating  potassic  hydrate  with  sulphu- 
retted hydrogen : — 

KHo    +    SH,    =    KHs    +  OH,. 

Potassie         Sulphuretted         Potassic  Water, 
hydrate.  hydrogen.  sulphhydrate. 


COMPOUNDS  OF  POTASSIUM  WITH  SULPHUR. 
The  following  have  been  obtained  : — 

Dipotassic  sulphide   SK,.  ®~®~® 

Dipotassic  disulphide  ...    K^S,.  ®~(E)~®~® 
Dipotassic  trisulphide...    K^Sg.  ®-®-®-®-® 
Dipotassic  tetrasulphide.    K^^^.  ®-®-®-®-®-® 

Dipotassic  penta- 1  ttq^^^z-v^.-^^ 
sulphide   /     -  ©-®-®-®-®-®-® 

Dipotassic  "] 

heptasul-  I  ...  K,S,?  0-©-©-©-©-©-©-©-© 


phide  . 


DIPOTASSIC  SULPHIDE. 
SK.,. 


Preparation. — 1.  By  the  action  of  potassic  hydrate  on  potassic 
sulphhydrate : — 

KHo    +    KHs    =    SK,    +  OH,. 

Potassic  Potassic  Dipotassic  Water, 

hydrate.         sulphhydrate.  sulphide. 
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LIVER  OF  SULPHUR. 


2.  By  igniting  potassic  sulphate  with  hydrogen  or  carbon: — 
SO.Ko,    +  =     SK,     +  4OH2. 

Potassic  Dipotassic  Water, 

sulphate.  sulphide. 

JReactions  of  dipotassic  sulpTiide  and  the  higher  potassic  sul- 
phides : — 1.  By  heating  dipotassic  sulphide  with  the  necessary 
quantities  of  sulphur,  it  forms  the  higher  potassic  sulphides. 

2.  The  potassic  sulphhydrate  and  dipotassic  sulphide,  when 
acted  upon  by  acids,  yield  sulphuretted  hydrogen : — 

KHs    +    HCl    =    KCl  SH,. 

Potassic 
sulphhydrate. 

SK„ 


Hydrochloric 
acid. 


Potassic 
chloride. 


Sulphuretted 
hydrogen. 

+    2HC1    =    2KC1    +  SH,. 

Dipotassic         Hydrochloric  Potassic  Sulphuretted 

sulphide.  acid.  chloride.  hydrogen. 


S.  The  higher  potassic  sulphides,  similarly  treated,  yield  sul- 
phuretted hydrogen  and  a  precipitate  of  sulphur : — 


K,S3    +    2HC1    =    2KC1    +    SH,  + 


Dipotassic 
trisulphide. 


Hydrochloric 
acid. 


Potassic 
chloride. 


Sulphuretted 
hydrogen. 


4.  A  mixture  of  the  higher  potassic  sulphides  and  potassic 
hyposulphite,  known  under  the  name  of  hepar  sulphuris  or  liver 
of  sulphur^  may  be  prepared  by  heating  potassic  carbonate  with 
sulphur : — 


SCOKo,    +    4S,  = 


Potassic 
carbonate. 


3COK0,    +    6S,  = 


Potassic 
carbonate. 


2KA 

Dipotassic 
trisulphide. 

Dipotassic 
pentasulphide. 


+    SS"OKo,  4- 

Potassic 
hyposulphite. 

+    SS"OKo,    +  3C0, 


3C0,; 

Carbonic 
anhydride. 


Potassic 
hyposulphite. 


Carbonic 
anhydride. 


5.  The  last  mixture,  when  acted  upon  by  acids,  suffers  suc- 
cessively the  following  decompositions :  — 


Dipotassic 
pentasulphide. 


4-    SS"OKo,    -f    6HC1    =  6KC1 


Potassic 
hyposulphite. 


Hydrochloric 
acid. 


+    SS"OHo,    +     2SH,     +  4S 


Potassic 
chloride. 

2 ; 


then 


Hyposulphuroua 
acid. 


Sulphuretted 
hydrogen. 


SS"OHo, 

Hyposulphurous 
acid. 


SO,    +   s  + 

Sulphurous 
anhydride. 


OH, 

Water. 


SODIUM. 
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POTASSIC  CARBONATE. 
COKo,. 

Preparation. — 1.  By  lixiviating  the  aslies  of  land-plants. 
2.  By  burning  hydric  potassic  tartrate  in  a  current  of  air. 


SODIUM,  Na,. 

Atomic  weight  =23.  Prohahle  molecular  weight  =46.  Sp.gr. 
0*97.  Fuses  at  90°.  Boils  at  a  red  heat.  Atomicity  ' . 
Evidence  of  atomicity  : — 

Sodic  chloride   NaCl. 

Sodic  hydrate   ,   ONaH. 

Sodic  oxide   ONaa- 

Occurrence. — In  nature  in  the  form  of  chloride.  In  sea-water 
and  most  springs.    As  silicate  in  several  minerals. 

Preparation. — 1.  By  electrolyzing  sodic  hydrate. 

2.  By  acting  upon  sodic  hydrate  with  metallic  iron  at  a 
strong  white  heat. 

Manufacture. — By  distilling  in  an  iron  retort  a  mixture  of 
sodic  carbonate  and  charcoal : — 

CONao^    +    20    =    Na,    +  SCO. 

Sodic  Carbonic 
carbonate.  oxide. 

"Reactions. — Similar  to  those  of  potassium,  but  less  energetic. 
The  compounds  of  sodium  very  much  resemble  those  of  po- 
tassium. 

SODIC  CARBONATE. 

CONao,. 

Manufacture. — 1.  Formerly  by  the  lixiviation  of  the  ashes 
of  marine  plants. 

2.  By  Leblanc's  process,  which  consists  in  first  transforming 
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LITHIUM. 


sodic  chloride  into  sodic  sulphate  by  the  action  of  sulphuric 
acid : — 

2N'a01    +    SO.Ho,    =    2HC1    +  SO.Nao,. 

Sodic  Sulphuric  Hydrochloric  Sodic 

chloride.  acid.  acid.  sulphate. 

The  sodic  sulphate  (technically  termed  salt  cake)  is  next 
heated  with  calcic  carbonate  and  small  coal.  The  carbon  re- 
duces the  sodic  sulphate  to  sulphide,  and  the  calcic  carbonate 
transforms  the  sodic  sulphide  into  sodic  carbonate,  insoluble 
calcic  oxysulphide  being  simultaneously  produced : — 

5SO,Nao,    +    20C    =     SSNa,     +     20CO ; 


Sodic  Sodic  Carbonic 

sulphate.  sulphide.  oxide. 

5SNa;   4-  TCOCao"    =  5CONao, 

Sodic  Calcic  Sodic 

sulphide.  carbonate.  carbonate. 


+     5CaS",2CaO    +  2C0,. 

Calcic  oxysulphide.  Carbonic 

anhydride. 

The  sodic  carbonate,  commonly  called  soda  ash,  is  obtained 
by  the  extraction  of  the  resulting  mass  with  water. 


LITHIUM,  Li,. 

Atomic  weigJit  =7.  Prohahle  molecular  weight  =14.  8p.gr. 
=0'59.  Fuses  at  180°.  Atomicity  '.  Evidence  of  ato- 
micity : — 

Lithic  chloride    Li  CI. 

Lithic  hydrate  (Lithia)    OLiH. 

Occurrence. — In  nature,  in  the  minerals  petalite,  spodumene, 
lepidolite,  and  triphylline,  and  in  small  quantities  in  some 
mineral  waters  and  ashes  of  plants. 

The  properties  of  lithium  resemble  those  of  potassium  and 
sodium ;  and  the  compounds  of  the  three  metals  also  exhibit 
considerable  similarity. 


-4 


THALLIUM. 
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CJESIUM  and  RUBIDIUM. 

The  compounds  of  the  two  metals  csesium  (Cs=138)  and 
rubidium  (Eb  =  85*5),  whicli  have  been  recently  discovered, 
closelj  resemble  those  of  potassium  and  sodium. 

Section  IY. 
THALLIUM,  Tl,. 

Atomic  weigM  =204.  Probable  molecular  weight  =408.  Sp. 
gr.  11-81  to  11-91.  Fuses  at  561°.  Atomicity '  and  perhaps  "'. 
Evidence  of  atomicity : — 

Thallic  chloride    TlCl. 

Thallic  oxide    OTl,. 

ThaHic  perchloride   Tl"'Cl3  ? 

Occurrence. — In  small  quantities  in  certain  varieties  of  py- 
rites, and  in  minute  quantities  in  some  mineral  springs. 

Preparation. — By  extracting  with  water  the  deposit  formed 
in  the  flues  of  sulphuric  acid-chambers,  and  precipitating  the 
thallium  by  hydrochloric  acid.  The  chloride  is  converted  into 
sulphate  by  the  action  of  sulphuric  acid ;  and  when  purified,  a 
solution  of  the  sulphate  is  decomposed  by  metallic  zinc,  which 
precipitates  the  metallic  thallium. 

The  following  list  contains  the  principal  compounds  of  this 


metal : — 

Thallic  chloride   TlCl. 

Thallic  perchloride    TICI3  ? 

Thallic  oxide   OTl^. 

rOTl 

Thallic  peroxide    -JO  ? 

[OTl 

ThaUic  sulphide   STl^. 

Thallic  nitrate    NO.Tlo. 

Thallic  sulphate   SO.Tlo^. 

ThaUic  carbonate    COTlo^. 

h5 
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SILVER 


Two  other  compounds  of  thallium  with  chlorine  have  also 
been  described,  but  they  have  not  yet  been  completely  investi- 
gated. 

SILVER,  Ag,. 

Atomic  weiglit  =108.    Prohable  molecular  weiglit  =216.  ^p. 
gr.  10-4743.    Fuses  at  about  1000°.     Atomicity  '.  Evi- 


dence of  atomicity : — 

Argentic  chloride   AgCl. 

Argentic  iodide    -^gl- 

Argentic  oxide   ^-^Si' 


Occurrence. — In  nature  in  the  free  state,  and  as  sulphide 
in  silver  glance ;  as  sulphantimonite  in  darh-red  silver-ore 
(see  p.  137),  as  chloride  in  horn-silver,  as  a  compound  of  bro- 
mide and  chloride  (2AgBr,  3AgCl)  in  embolite,  and  also  as 
carbonate. 

Extraction. — 1.  The  silver  minerals  are  roasted  with  sodic 
chloride,  by  which  the  metal  is  converted  into  chloride ;  the 
mass  is  then  mixed  with  water,  scrap  iron,  and  mercury,  and 
agitated  for  some  hours.  The  iron  reduces  the  argentic  chlo- 
ride to  the  metallic  state,  and  the  silver  is  then  dissolved  by 
the  mercury. 

2.  By  crystallizing  argentiferous  lead.  JN^early  pure  lead  is 
first  deposited,  and  the  residue  rich  in  silver  is  then  cupelled. 

Reactions. — 1.  Silver  is  blackened  by  sulphuretted  hydrogen, 
argentic  sulphide  being  formed. 

2.  Silver  is  acted  upon  by  hot  concentrated  sulphuric  acid : — 

Ag,    +    2SO,Ho,    =    SO,Ago,    +    20H,    -f  SO,. 

Sulphuric  Argentic  Water.  Sulphurous 

acid.  Bulphate.  anhydride. 

3.  Nitric  acid  readily  dissolves  silver : — 

3Ag,   -f   8NO,Ho   =   6NO,Ago  +   40H,   +  'N",0,. 

Nitric  Argentic  Water.  Jfitric 

acid.  nitrate.  oxide. 


4.  At  a  red  heat  silver  decomposes  hydrochloric  acid : — 
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Ag,    +    2HC1    =    H,    +  2AgCl. 

Hydrochloric  Argentic 
acid.  chloride. 

There  are  three  compounds  of  silver  with  oxygen : — 

Argentous  oxide    OAg^. 

Argentic  oxide   OAg^. 

Argentic  peroxide    |  2^^' 


Argentous  oxide  is  prepared  by  heating  argentic  citrate  to 
100°  in  a  stream  of  hydrogen,  dissolving  the  residue,  which 
contains  argentous  citrate,  in  cold  water,  and  precipitating  the 
argentous  oxide  by  potassic  hydrate. 

Argentic  oxide  is  formed  by  precipitating  argentic  nitrate 
with  a  solution  of  baric  hydrate,  and  drying  the  precipitate, 
which  is  probably  argentic  hydrate,  AgHo.  This  is  the  salifi- 
able oxide  of  silver. 

Argentic  peroxide  is  obtained  by  electrolyzing  a  solution  of 
argentic  nitrate,  when  it  is  deposited  upon  the  positive  pole. 

Argentic  chloride,  bromide,  and  iodide  are  insoluble  in  water 
and  nitric  acid. 


CHAPTER  XVIII. 

DYAD  ELEMENTS. 

Section  II. 
BARIUM,  Ba. 

Atomic  weigJit  =137.  Probable  molecular  weight  =137.  Sp. 
gr.  between  4*0  and  5*0.  Fuses  below  a  red  heat.  Atomicity  ". 
Evidence  of  atomicity: — 

Baric  chloride    Ba"Cl2. 

Baric  hydrate   Ba"Ho2. 

Baric  oxide   Ba"0. 
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BARYTA. 


Occurrence.  —  In  nature  in  tlie  form  of  sulphate  in  the 
mineral  heavy  spar,  and  as  carbonate  (COBao")  in  witTierite. 

Preparation. — 1.  By  electrolyzing  moistened  baric  hydrate, 
carbonate,  nitrate,  or  chloride,  the  negative  electrode  being 
mercury.  An  amalgam  of  barium  is  thus  formed,  from  which 
the  mercury  is  removed  by  distillation. 

2.  By  passing  the  vapour  of  potassium  or  sodium  over  baric 
oxide  strongly  heated  in  an  iron  tube,  and  extracting  the  metal 
by  means  of  mercury. 

3.  By  acting  upon  a  solution  of  baric  chloride  with  sodium 
amalgam,  barium  amalgam  is  produced. 

Heaction. — Barium  decomposes  water  at  the  common  tem- 
perature : — 

Ba    +    2OH3    =  +  BaHo,, 

Water.  Baric 

hydrate. 


COMPOUNDS  OF  BARIUM  WITH  OXYGEN. 
Baric  oxide   BaO.  ©=® 


Baric  peroxide    } 


© 
I 


BARYTA,  Baric  Oxide. 
BaO, 

Preparation. — 1.  By  converting  the  native  carbonate  into 
nitrate  by  the  action  of  nitric  acid,  and  then  heating  the  nitrate 
to  redness  in  an  iron  crucible : — 


BARYTA. 
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COBao"     +     2NO,Ho    =  ^ 


Baric 
carbonate  *. 


Nitric  acid. 


Bao" 
NO, 

Banc 
nitrate  t- 


+  OH,  +  CO,; 

Water. 


Carbonic 
anhydride. 


fNO. 

2  \  Bao" 

[no. 


=    2BaO    +    2'N'O,  + 


O, 


Baric 
nitrate. 


Baric 
oxide. 


Nitric 
peroxide. 


2.  The  nitrate  may  be  obtained  from  native  baric  sulphate 
by  mixing  the  latter  with  charcoal  and  heating  the  mixture  to 
a  high  red  heat,  by  which  the  sulphate  is  converted  into  sul- 
phide— 


SO,Bao" 

Baric 
sulphate  J. 


+ 


BaS"    +  4C0 


Baric 
sulphide. 


Carbonic 
oxide. 


the  residue  is  then  treated  with  dilute  nitric  acid,  when  baric 
nitrate  is  formed. 

JReaction. — In  contact  with  water,  baric  oxide  is  converted, 
with  great  evolution  of  heat,  into  baric  hydrate 


BaO  + 


Baric 
oxide. 


OH,  = 

Water. 


BaHo,. 

Baric 
hydrate. 
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BARIC  PEROXIDE. 


BARIC  PEROXIDE. 

O 


Preparation. — 1.  By  passing  oxygen  over  baric  oxide  or  baric 
hydrate  heated  to  dull  redness  : — 

0 


2BaO    +    O2    =  2BaQ 

Baric  Baric 
oxide.  peroxide. 

2BaHo,    +  =    2Ba^|    +  20H,. 

Baric  Baric  Water, 

hydrate.  peroxide. 

2.  By  heating  baric  oxide  to  redness  in  a  crucible  and  gra- 
dually adding  potassic  chlorate : — 

8BaO    +    ClO.Ko    =    KCl    +  3Ba^ 

Baric  Potassic  Potassic  Baric 

oxide.  chlorate.  chloride.  peroxide. 

jReactions. — 1.  By  the  action  of  heat  it  splits  into  baric 
oxide  and  oxygen : — 


2BaQ|     =    2BaO    +  O^. 


Baric  Baric 
peroxide.  oxide. 

2.  By  treatment  with  steam  at  the  same  temperature  at 
which  the  peroxide  was  previously  formed,  it  produces  baric 
hydrate  and  oxygen : — 

2Ba^|     +    20H,    =    2BaHo,    +  O^. 

Baric  Water.  Baric 

peroxide.  hydrate. 

3.  By  the  action  of  acids  upon  baric  peroxide,  hydroxyl  is 
formed  (p.  44). 


STRONTIUM. 
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COMPOUND  OF  BARIUM  WITH  HYDROXYL. 

BARIC  HYDRATE,  Caustic  Baryta. 
BaHo^. 

Preparation. — 1.  Bj  the  action  of  water  on  baric  oxide 
(p.  157). 

2.  By  boiling  in  water,  with  cupric  oxide,  the  mass  con- 
taining baric  sulphide,  prepared  by  reducing  baric  sulphate 
with  carbon  : — 

BaS"    +    CuO    +    OH^    =    BaHo,    +  CaiS". 

Baric  Cupric  Water.  Baric  Cupric 

sulphide.  oxide.  hydrate.  sulphide. 

Barium  salts  are  formed  by  the  action  of  acids  upon  baric 
hydrate,  carbonate,  or  oxide. 


DIHYDRIC  BARIC  DISULPHATE. 

fSO,Ho  V  V 

Bao';^  .  ©-©-©-®-©-®-©-©-© 
SOoHo  II  II 

©  © 

This  compound  is  formed  by  boiling  baric  sulphate  in  con- 
centrated sulphuric  acid,  when  the  salt  crystallizes  on  cooling. 


STRONTIUM,  Sr. 

Atomic  weigJit  =87-5.  ProhaUe  molecular  weight  =87*5. 
Sp.  gr.  2-5.  Fuses  at  a  higher  temperature  than  harivm. 
Atomicity".    Evidence  of  atomicity : — 

Strontic  chloride   Sr"Cl2. 

Strontic  hydrate   Sr"Ho3. 

Strontic  oxide   Sr"0. 
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CALCIUM. 


Occurrence. — In  the  form  of  carbonate  as  the  mineral  stron- 
tianite,  and  as  suljDhate  in  celestine. 

Preparation. — 1.  By  the  same  methods  as  those  employed 
in  the  preparation  of*  barium. 

2.  By  electrolyzing  fused  strontic  chloride. 

Character. — The  compounds  of  strontium  resemble  those  of 
barium  in  constitution,  preparation,  and  properties. 

The  strontic  peroxide  can  only  be  prepared  by  adding  hy- 
droxyl  to  a  solution  of  strontic  hydrate  : — 

SrHo,    +    Ho,    =   Sr^l     +  20H,. 

Strontic  Hydroxyl.  Strontic  Water, 

hydrate.  peroxide. 

Strontic  carlonate  is  more  easily  decomposed  by  heat  than 
baric  carbonate. 


CALCIUM,  Ca. 

Atomic  weigJit  =4iO,    Prohahle  molecular  weight  =4iO.  Sp.gr. 
1"6.    Atomicity".    Evidence  of  atomicity : — 

Calcic  chloride   Ca"Cl2. 

Calcic  hydrate   Ca"Ho2. 

Calcic  oxide   Ca"0. 

Occurrence. — In  nature  as  carbonate  in  the  numerous  calc 
spars,  chalk,  marble,  &c. ;  as  tetrahydric  calcic  sulphate 
(SHo^Cao")  in  gypsum,  alabaster,  selenite,  &c. ;  as  phosphate 
in  apatite  and  phosphorite  (see  p.  119);  as  fluoride  in  the  Jluor 
spars  (see  p.  96),  and  in  combination  with  silicon,  oxygen,  and 
other  metals  in  numerous  minerals. 

Preparation. — 1.  By  processes  similar  to  those  employed  for 
the  preparation  of  barium  and  strontium. 

2.  By  fusing  together  sodium,  zinc,  and  calcic  chloride, 
and  subsequently  heating  the  alloy  of  calcium  and  zinc  so 
obtained,  to  a  very  high  temperature  in  a  crucible  of  gas-car- 


COMPOUNDS  OF  CALCIUM. 
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bon,  when  the  zinc  volatilizes,  leaving  the  calcium,  which  con- 
tains, however,  a  small  quantity  of  iron. 

Character. — The  compounds  of  calcium  resemble  those  of 
barium  and  strontium. 

Calcic  oxide  or  guicJcUme  (CaO)  is  manufactured  on  a  large 
scale  by  burning  coal  intermixed  with  chalk  or  limestone,  when 
carbonic  anhydride  is  easily  expelled  from  the  chalk  or  lime- 
stone, leaving  calcic  oxide. 

Calcic  hydrate  or  slaked  lime  (CaHo2)  is  formed  by  the  action 
of  water  upon  calcic  oxide ;  it  is  much  less  soluble  in  water 
than  the  baric  and  strontic  hydrates. 

Calcic  peroxide  ^CaQ  |  ^     prepared  like  the  corresponding 

strontium  compound. 

By  passing  chlorine  over  calcic  hydrate,  a  compound  known 
as  chloride  of  lime  or  hleaching-powder  is  formed.  This  has  been 
supposed  to  consist  of  calcic  chloride  mixed  with  calcic  hypo- 
chlorite, but  it  is  more  probably  calcic  chloro-hypochlorite,  as 
expressed  by  the  following  formulae  : — 

Ca(OCl)CL  @-©-©-@ 

The  corresponding  baric  and  strontic  chloro-hypochlorites 

ii«OCl      n  c  OCl  T 
xSaQj^    and  Sr^j^  ,  are  known. 

Barium,  strontium,  and  calcium  all  form  soluble  dihydric 
dicarbonates : — 

9  © 

They  are  produced  by  passing  an  excess  of  carbonic  anhy- 
dride through  solutions  of  baric,  strontic,  and  calcic  hydrates. 
The  compounds  are  decomposed  at  100°,  carbonic  anhydride 
being  evolved  and  carbonates  precipitated : — 
fCOHo 

\  Cao"     =    COCao"    +    OH,    +  CO,. 
I  COHo 

Dihydric  calcic  Calcic  Water.  Carbonic 

dicarbonate.  carbonate.  anhydride. 
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MAGNESIUM 


MAGNESIUM,  Mg. 

Atomic  weigJit  =24.  Prohdble  molecular  weigJit  =24:.  Sp.gr. 
1*75.  Fuses  at  a  red  heat.  Volatilizes  at  a  hright-red  heat. 
Atomicity  ".   Evidence  of  atomicity  : — 

Magnesic  chloride   Mg"Cl2. 

Magnesic  oxide   ]y[g"0. 

Magnesic  hydrate   Mg"Ho2. 

Occw^rence. — In  nature  in  dolomite,  the  calcic  magnesic  di- 
carbonate, 


g^Cao"Mgo"      ©=©_    _  _©=©; 


in  hrucite  or  magnesic  hydrate,  IVIgHog,  and  in  many  minerals 
containing  silicon. 

Preparation. — 1.  By  electrolyzing  fused  magnesic  chloride. 

2.  By  fusing  a  mixture  of  magnesic  chloride,  potassic  chlo- 
ride, and  sodium. 

Reactions. — 1.  It  very  slowly  decomposes  water  at  the  ordi- 
nary temperature,  but  more  rapidly  at  a  boiling  heat. 

2.  It  readily  burns  when  heated  to  redness  in  the  air. 

Character. — Magnesium  only  forms  one  compound  with  oxy- 
gen, MgO,  magnesia.  It  is  obtained  by  burning  magnesium 
in  air,  or  by  heating  the  carbonate  to  redness. 

Magnesic  hydrate  (MgHo^)  is  formed  by  the  action  of  water 
upon  magnesic  oxide,  or  by  precipitating  magnesic  sulphate  by 
potassic  hydrate : — 

SO,Mgo"    +    20KH    =    SO.Ko,    +  MgHo,- 

Magnesic  Potassic  Potassic  Magnesic 

sulphate.  hydrate.  sulphate.  hydrate. 

It  scarcely  dissolves  in  water. 

Crystallized  magnesic  sulphate  (SOHOgMgo",  GOH^)  is  pre- 
pared by  treating  dolomite,  the  magnesic  calcic  dicarbonate,  with 
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sulphuric  acid,  filtering  from  the  nearly  insoluble  calcic  sul- 
phate, and  crystallizing : — 

QQCao"Mgo"  +  2SO,Ho,  =  SOHo^Cao"  +  SOHo^Mgo" 

Dolomite,  calcic  Sulphuric  Dihydric  calcic  Dihydric  magnesic 

magnesic  dicarbonate.  acid.  sulphate.  sulphate. 

+  2C0, 

Carbonic 
anhydride. 

Magnesic  sulphate  is  very  soluble  in  water,  thus  differing 
from  the  baric,  strontic,  and  calcic  sulphates. 

Magnesic  sulphate,  when  mixed  with  potassic  or  ammonic 
sulphate,  forms  a  disulphate,  as,  for  instance. 

Many  magnesic  phosphates  are  known. 
Diammonic  dimagnesic  diphosphate, 

©0   ©^^^^©  ®© 

POAmoMgo  .  ^®>©x@_^/©-©-^ 

©0  ^  ^  ©0 

occurs  in  the  seeds  of  some  of  the  cereals,  and  sometimes  in 
urine,  and  in  the  form  of  calculi:  it  is  found  in  nature  as 
guanite  and  struvite. 

Magnesic  carbonate  (COMgo")  is  found  in  nature  as  mag- 
nesite. 
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ZINC. 


MAGNESIA  ALBA,  Tetrahydric  tetramagnesic  tricarhonate. 

rCHo, 

Mgo", 

C3Mgo",Ho„  or       C  , 

©X  /© 
©  © 

©  © 

©^  ^© 

This  compound  is  formed  by  boiling  a  solution  of  magnesic 
sulphate  with  sodic  carbonate  (Berzelius)  : — ■ 

4SO,Mgo"    +   4CONao,   +   20H,   =  C3Mgo",Ho, 

Magnesic  sulphate.  Sodic  carbonate.  Water.  Magnesia  alba. 

+    4SO,Nao,    4-  CO,. 

Sodic  sulphate.  Carbonic 
anhydride. 


ZINC,  Zn. 

Atomic  weight  =65.  Molecular  weigJit  =65.  Molecular  and 
atomic  volume  I  I  I.  1  litre  of  zinc  vapour  iceigJis  32*5 
critJis.  Sjp.  gr.  6*8  to  7*2.  Fuses  at  500°.  Distils  at  a 
red  heat.    Atomicity".    Evidence  of  atomicity : — 

Zincic  chloride    jZBrk"C\^. 

Zincic  oxide   2in"0. 

Zincic  hydrate   2in"Ho,. 

Occurrence. — In  nature  as  oxide  (ZnO)  in  red  zinc,  as 
sulphide  (ZnS")  in  the  mineral  zinc  hlende,  carbonate  (COZno") 
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in  calamine,  and  as  silicate  in  electric  calamine,  williamife, 
or  zinc  glass. 

Manufacture. — Zinc  blende  or  calamine  is  roasted  in  a 
current  of  air,  whereby  it  is  converted  into  zincic  oxide  : — 

COZno"    =    ZnO    +  CO,. 

Zincic  carbo-  Zincic  Carbonic 

nate  (calamine).  oxide.  anhydride. 

2ZnS"    +    30,    =    2ZnO    +  2S0,. 

Zincic  sulphide  Zincic  oxide.  Sulphurous 

(Zinc  blende).  anhydride. 

The  roasted  and  powdered  mineral  is  tben  heated  with  pow- 
dered coal,  when  the  zinc  is  reduced  and  distils  over : — 

ZnO    +    C    =    Zn    +  CO. 

Zincic  Carbonic 
oxide.  oxide. 

Reactions. — 1.  It  slowly  decomposes  aqueous  vapour  at  100°: — 
OH,    +    Zn    =    ZnO    +  H,. 

Water.  Zincic  oxide. 

2.  Zinc  is  attacked  by  almost  every  acid  at  the  common 
temperature. 

3.  When  boiled  in  potassic,  sodic,  or  even  ammonic  hydrate, 
hydrogen  is  evolved,  and  a  mixed  oxide  formed : — 

20KH    +    Zn    =    ZnKo,    +  H,. 

Potassic  Dipotassic 
hydrate.  zincic  oxide. 


COMPOUND  OF  ZINC  WITH  OXYGEN. 


ZINCIC  OXIDE. 
ZnO. 

Preparation. — 1.  Zincic  oxide  is  obtained  by  burning  zinc  in  air. 

2.  By  passing  steam  over  heated  zinc. 

3.  By  heating  the  precipitate  formed  by  ammonic  carbonate 
in  solutions  of  zinc  salts. 
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COMPOUNDS  OF  ZINC. 


OTHER  COMPOUNDS  OF  ZINC. 

Zincic  hydrate  (ZnHog)  is  obtained  as  a  white  precipitate 
by  the  action  of  potassic  hydrate  on  solutions  of  zinc  salts : — 
SO.Zno"    +    20KH    =    ZnHo^    +  SO.Ko,. 

Zincic  sulphate.  Potassic  Zincic  Potassic 

hydrate.  hydrate.  sulphate. 

The  precipitate  is  dissolved  by  excess  of  potassic  hydrate. 

Crystallized  zincic  sulpliate  is  isomorphous  with  crystallized 
magnesic  sulphate,  and  contains  seven  molecules  of  water,  six  of 
which  are  easily  expelled  at  a  moderate  heat,  the  last  only  being 
driven  off  at  a  somewhat  high  temperature.  It  also  resembles 
magnesic  sulphate  in  forming  double  salts  with  potassic  and 
ammonic  sulphates : — 

Zincic  sulphate  (crystallized)    SOHo^Zno",  BOH^. 

rso.Ko 

Dipotassic  zincic  disulphate  (crystallized)  \  Zno"    ,  60H  . 

[  SO.Ko 

Zincic  carhonate  (CO Zno")  occurs  in  nature  as  calamine. 

The  precipitate  obtained  by  adding  a  solution  of  sodic  car- 
bonate to  a  solution  of  a  salt  of  zinc  has  a  variable  constitution. 
The  reaction  usually  takes  place  thus  : — 

rCHo(OZn"Ho), 
5SO,Zno"  +  5CONao,  +  30H,  =  \  Zno" 

[CHo(OZn"Ho), 

Zincic  sulphate.       Sodic  carbonate.        Water.  Dihydric  pentazincic 

dicarbonate  tetrahydrate  *. 

+     5SO,Nao,       +  3C0,. 

Sodic  sulphate.  Carbonic  anhydride. 

©  © 

©  (») 


©  (°) 
©  © 


COMPOUNDS  OF  CADMIUM. 
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CHAPTER  XIX. 

DYAD  ELEMENTS. 

Section  TV, 
CADMIUM,  Cd. 

Atomic  weigTit  =112.  Molecular  weight  =112.  Molecular 
and  atomic  volume  I  I  1.  1  litre  of  cadmium  vapour  weighs 
56  criths.  Sp.gr.  S'7.  Fuses  ielow  2Q0°.  Easily  volatile. 
Atomicity  ".    Evidence  of  atomicity : — 

Cadmic  chloride    Cd"Cl2. 

Cadmic  oxide    Cd"0. 

Occurrence. — In  nature  in  small  quantities,  associated  with 
zinc ;  and  in  the  form  of  sulphide  as  greenocMte. 

Preparation. — By  distilling  fractionally  the  more  volatile  part 
of  the  metal  obtained  in  the  manufacture  of  zinc,  and  then 
dissolving  this  more  volatile  product  (which  consists  of 
zinc,  cadmium,  and  a  little  copper)  in  hydrochloric  or  dilute 
sulphuric  acid,  precipitating  the  cadmium  and  copper  with 
sulphuretted  hydrogen,  dissolving  the  mixed  sulphides  in 
dilute  sulphuric  acid,  and  adding  an  excess  of  solution  of 
ammonic  carbonate,  which  precipitates  both  cadmium  and 
copper,  but  redissolves  the  latter.  The  cadmic  carbonate  is 
then  ignited,  and  the  resulting  oxide  reduced  by  charcoal. 

Cadmic  oxide  (CdO)  is  prepared  by  heating  the  hydrate, 
carbonate,  or  nitrate. 

Cadmic  hydrate  (CdHog)  is  obtained  by  precipitating  a  solu- 
tion of  a  cadmic  salt  by  sodic  or  potassic  hydrate. 

Cadmic  sulphate  (S02Cdo",40H2)  is  obtained  by  dissolving 
cadmic  oxide  or  carbonate  in  sulphuric  acid.  By  heating 
this  compound,  or  by  partially  decomposing  it  with  alkaline 
hydrates,  it  is  transformed  into 

Dicadmic  sulphate  dihydrate   S02(OCd"Ho)2 

® 

II 

0_0_@_0_0_0_0_0_0 
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MERCURY,  Hg. 

.Atomic  weight  =200.  Molecular  weight  =200.  Molecular 
and  atomic  volume  |  |  |.  1  litre  of  mercury  vapour  weighs 
100  criths,  Sp.  gr.  13-59.  I'uses  at  —40°.  Boils  at  360°. 
Atomicity  ",  also  a  pseudo-monad. 

The  following  list  contains  the  principal  compounds  of  this 
metal : — 

Mercurous  chloride    1  .jig-  ci^,  or  ( |Jf  (^(SX^(S) 
{^horn-mercury)    ...J      ^    ^       [xlgUl  w  \y\y\y 

Mercuric  chloride  ...  HgClg. 


'Hg'O.orjgo.  Y© 


HgK 


Mercurous  oxide 

Mercuric  oxide    HgO. 

Mercurous  sulphide.  .    'Hg'^S'^or  |  Hg^"- 

Mercuric  sulphide 
{vermilion,  cinna- 
bar)   


HgS". 


Mercurous  sulphate, .     SO,IIg,o".  ^^^^0 


© 


Mercuric  sulphate  ...     SO^Hgo".  @\  "^0 


Trimercuric  sulphate  "1  «-rT  ,i 

{Turpeth  mineral),  J  ^'  v!y\Q/w\^ 
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Tetrahydric  mercurous  dinitrate...  NfiJIoJlg^o". 

® 


© 


Dimercurous  dinitrate 

Hexaliydric  trimercu- 
rous  tetranitrate  . . . 

Mercurous  dimercuric 
dinitrate  

Tetrahydric  mercuric 
dinitrate   

Tetrahydric  dimercu- 
ric dinitrate   

Dihydric  trimercuric 
dinitrate   


f  NOHg.o" 
O 


N.O,Ho,Hg,o"3. 

N,0,Hg,o"Hgo'V 

N,0,Ho,Hgo". 

N,OHo,Hgo'V 

N.OHo.Hgo'V 


©  ©-© 

/    \    /  \ 

Trimercuric  carbonate...    CHgo"(Hg"203)".  @    0  ® 

\  /  \  / 
0  0-@ 

Tetramercuric  carbonate.  CIIgo"(Hg"304)", 

.0  ®-@-0 

/  \  /  \ 
@    ®  (F- 

0  ©-@-0 

Mercurosodiammonic  1  NHgClHg 


dichloride 


NH^ClHg  /  • 
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Mercurosomercurodi- 


ammonic  dicliloride. 


N,Hg"H;Hg',Cl, 


I 


Trimercuric  diamide    ...  N2Hg"3. 


Mercurammonic  chlo- 
ride.   {WhUepreci-\     NH,Hg"CL  ©-®-® 
pitate?)   


©-©-© 


COPPEH,  Cu. 

Atomic  weight         5.  I^rohable  molecular  weight  =63' 5.  Sp.gr. 
8  8.  Fuses  at  about  780°.  Atomicity    also  a  pseudo-monad. 

The  following  are  tlie  principal  compounds  of  this  metal : — 
Cuprous  hydride  |         .  0_(g)_(g)_(H) 

Cuprous  chloride    'Cu'.Cl,  or  |  ^^^J.  ®-0-©-© 

Cupric  chloride    CuCl^,  2011^.  0-©-© 

CuHo 

Cuprous  hydrate,  4^Qvifi,  OH^,  or  I  Cu^ 

\  CuHo 

®~©~©~®~©~©~®~©-©~®-©-©-© 
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Oupric  hydrate    CuHo^.  ©-(2)~©~©~© 


Cuprous  quadrantoxide. 


Cuprous  oxide.  {Bed  "j 


Cu"  J 
Cu  , 
Cu-i 


.0. 


Cul— (Cu 


Cul— (Cu 


® 


copper  ore,  or  ruby  I  'Cu'^O  or  |  q^O. 
ore.)  


Cupric  oxide    CuO. 


©/ 
0=0 


® 


Cuprous  sulpliide. 
( Copper  glance.)  . . . 

Cupric  sulphide.  (In- 
digo copper  or  blue 
copper.)   


'Cu'.S"  or 


CuS". 


Coi 
Cu 


S". 


^CuHo 

S" 
Cu" 
S" 
Cu" 

Cupric  sulpho-hydrate. ,    5CuS",  CuHog,  or  -(  S" 

Cu" 
S" 
Cu" 
S" 
^  CuHo 

©-©-©-©-©-©-©-©-©-©-©-©-© 
©  © 

Cupric  nitrate  . ;   NO^^^^    ^^■'^25  or  jgjjQ^C^uo". 

Dihydric cupric  sulphate    SOHo^Cuo",  ^OH.^. 

Hydric  tricupric  sul-1      anrr  /nn  "tt  \ 
1      ^  -1    1   ^      I    SOIio(OCu  110)3. 
phate  trihy urate  ...  J 

I  2 
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Dihydric   tetracupric  ] 

sulphate    tetrahy-  V  SIIo2(OCu"Ho)4. 
d.YSite.{jBroc}iantite.)j 

©  © 

(2>®-©-®^5H°)-©-®-© 
(S  © 

/  \ 

(p  © 
© 

Hydric    pentacupric "] 

sulphate   pentahy.  I  SHo(OCu"Ho).,20H,. 
drate  J 

Ammoniocupric    sul-  -\ 


phate.      {Dihydric  [     SHo.Amo„ pScu-'O. 

r  soxo 


diammonie  cuprodi-  i 
ammonic  sulphate.)  J 


Dipotassic  cupric  disul-  J  q^J" 
Pliate   I  SO.Ko 

©  © 

M  II 

©"©"(^"©"©""©-(p-©"-® 

•  ©  © 

Dicupric     carbonate.  "1     Q(2;uq  " 
(Mysorin.)   J  ^ 

Dicupric  carbonate  di- 1  CO(OCu"Ho) 
hydrate.  {Malachite.)  J  ^ 

(°) 

®-©-©-©-(^)-©-(SK5-© 
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Dihydric  tricupric  dicar- 


bonate.  {Blue  malachite, 
azurite,  mountain-hlue 
or  copper-azure.)   


\  < 


fCHoCuo" 
Cuo" 
CHoCuo" 


©  © 

(  )©-©-©-©-©(  ) 


w  ©^ 

Cuprodiammonic  carbo-i  N^H  "| 

nate.  {Ammoniocupric  I  CO  -jq-yjj^Cu'Oa  ' 

carbonate.)   J  ^ 


© 

© 

k 

© 

Hydric  cupric   silicate!  SiOHo(OCu"Ho). 
bydrate.   {Dioptase.)  J 

© 

©-©-©-©-©-©-© 
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COMPOUNDS  OF  GOLD. 


CHAPTEU  XX. 

TKIAD  ELEMENTS. 

Section  II. 
GOLD,  Au^. 

Atomic  weiglit  =196"7.  JProhable  molecular  weight  =393'4.  Sp. 
gr.  19-3  to  19-5.  Fuses  at  about  1100°-1200°.  Atomi- 
city '  and  "'. 

The  following  are  tlie  names  and  formulse  of  the  chief  com- 
pounds of  gold : — 


Aurous  chloride   AuCl.  Q-(c?) 

® 

Auric  chloride    AuClg.  (L) 

0  @ 

Aurous  iodide    Aul. 

Auric  iodide    Aulg. 

Aurous  oxide   Au^O.  Q-Q-Q 

Auric  oxide.  (Auric  anhy-  r~\  ^    ^  ^  ^ 

dride.)     .  I  AuO'  ®=®-<°^©=® 

Potassic  aurate   AuOKo,  30Ha.  0=0-0-0 

Aurous  sulphide    Au^S". 

fAuS" 

Auric  sulphide   ^  S" 

AuS" 
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CHAPTEK  XXI. 

TETEAD  ELEMENTS. 

Section  II. 

ALUMINIUM,  Al. 

Atomic  weight  =27 "5.  Molecular  weight  unhnown.  Specific 
gravity  2*6.  Fuses  at  about  450°.  Atomicity  hut  is 
always  a  pseudo-triad.  Evidence  of  atomicity : — Analogy 
with  iron  and  chromium. 

Annexed  are  the  names  and  formulsD  of  the  most  important 
compounds  of  this  metal : — 


Aluminic  chloride 


Aluminic  oxide  ... 

Aluminic  hydrate. 
(Gihbsite.)   


©  © 
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Aluminic     oxydi-  > 

hydrate.     {Bi-i    Al AHo,  or  {  ^ggo 

ashore.)   J  ^ 

©=(^©=© 

(o)  © 

1  I 

©  © 

Aluminic  sulphide  . . .    Al2S"3  or  | 

Dipotassic  aluminate    AI2O2K02  or  |  ^{qj^q- 

Masjnesic    alumi- 1      ai  n-\T    "      f  -^^n  -mt  " 
It..  iSpinelU.)]    AlAMgo  or|^0,Mgo 

Aluminic  sulphate ...    Sfi^ {^M\0y\l'^OR^  or 

SO. 


2 


S0-('Ar",0e)-,18OH, 

so. 


Aluminic  sulphate  \ 

tetrahydrate.      I  SO,('Al"',0,HoJ",70H,. 
(Aluminite.)  ...  J 

Allophane    SiHo,('Al"',Ho,03)",  (2  or  4)OH, 

Prehnite   Si3Ho,Cao,"('Al"'30,)^'. 

/  f'Ar'Ax - 

Zoisite   Si,Cao"3(  ^  O  ). 


Spodumene   Si,gO,5LiOe(Al'"206)^,. 

Petalite    SigoO^gNao^Lio^CAr^Oe)^,. 


To /axe--poL0e,  ^77. 


COMPOUNDS  OF  ALUMINIUM. 

SOHoKo., 


Alunite,  alum- 
stone.  Fig 


alum- 1     SOHo,    ^' f 
ig.l.  I    SOHo,  ^irHoOV"* 


CoUyrite.    Pig.  2.. 

Dipotassic  alumi- 
nic  tetrasul- 
phate.  {Common 
alzm.)    Fig.  3.  . 

Worthite.    Fig.  4. . 


SOHoKo('^^"'^Ho303)' 

SiHo,('Ar",Ho,0)„40H,. 

SO,Ko— , 
en  ' 

io^ZZ('Al'",OJ'i,240H, 
SO,Ko— J 

||(3('Al'",HoO,)^ 
|J^('Al"',HoO,)- 


Miloschine.    Fig.  5.  SiHo,('Ar';Ho,0,)". 

Porcelain  clay  of  \ 
Passau.    Fig.  6.  J 


||HoH'Al"'Ho,0.)i'. 


Cimolite,  kaolin  of 
Ellenbogen. 
Fig.  7  


SiHo, 
SiO- 
SiO- 
SiHo. 


:('Ar",o,)vi. 


SiOHo- 

Agalmatolite.  Fig.  8.    g?Q  (^Ar",0,)^'. 

SiOHo-J 


Buchholzite,  xeno- 
lite.    Fig.  9.  ... 

Porcelain  clay. 
Fig.  10  


|lcAr",03) 
il('Ar".o,) 


rSiHo— , 

]  O  ('Al"',Ho,OJiv. 
[  SiHo-J 


SiOCAr",0,)" 


Andalusite,  chias- ' 
tolite,  cyanite, 

fibrolite,  sillima-  ^"'^^ 
nite.    Fig.  11. 

Wernerite.   Fig.  12.  Si,Cao"('Ar",0,) 


4 
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Saponite.    Tig.  13.  Si,Mgo"eHo,o('Al"',0,)'^ 
Lepidolite.   rig.  14i.    Sifi,Ko,UoX  A-l''',Oy\('AV''.;h\0,y' 


Analcime.    Fig.  15. 


Eazoumoffskin. 


SiHo^Nao 
O 

|l('Al'".Oe)^ 

O 

SiHo,Nao 
SiHo.— , 


T7-    i«       '  SiHo— ('A1"',0J-. 

"^'S-IQ  J  SiHoP 

Malthacite.  Fig.  17.  Si,0,,HoX'Ar",0,)". 


Albite.    Fig.  18.  .. 


SiONao 

fSiO  

O 

f  SiO  ('^^"'a^e) 

O 

SiO- 


Y! 


SiONao 


CHAPTER  XXII. 

TETRAD  ELEMENTS. 

Sectioi?"  Ill, 

PLATINUM,  Pt. 

Atomic  weight  =197 "4.    Molecular  weight  unJcnoim.  8p. 
21*5.    Atomicity"  and 


To  ibid'  Jia^e^  T/8 
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The  following  compounds  will  serve  to  illustrate  the  ato- 
micity and  general  character  of  this  metal : — 


Platinous  chloride 


PtCl,. 


©-©-© 


Platinic  chloride    . . .  PtCl^. 


Plaitinous  oxide   PtO. 

Platinic  oxide   PtOg. 

Platinous  hydrate  . . .  PtHoj 


Platinic  hydrate   PtHo^ 


®-®-® 


©=©=© 
© 

© 


Platinosodiammo-  ^ 
nio  dichloride. 
{Green   salt  ofj 


Magnus.) 


"White  compound  of 
Eeiset  


fNH3Cl 
Pt"  . 
NH,C1 


©  © 


rNH,(NvHJCl 
Pt" 

^NH^CN^HJCl' 


®    @        @  ® 

000  00(5)  ^ 
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LEAD. 


Plato  SO- diammon  di- 
ammonium  dihy- 
drate   


rNH,(N^HJHo 

Pt" 

^NH,(]Sr^HJHo 


©  © 

^  ©  ©     d)  ©  ^ 

000  000 

Diplatosammonic  ox-  |  ™^3^_  ®-^® 

NH.-i  X  X 


ide 


00  0© 


Platinous  sulphide . . .  PtS". 
Platinic  sulphide  ...  PtS", 


CHAPTER  XXIII. 

TETKAD  ELEMENTS. 

Section  TV. 
LEAD,  Pb. 

Atomic  weigJit  =207.  Molecular  weight  unknown.  Sp.  gr. 
11*445.  Fuses  at  335°  Boils  at  a  white  heat.  Ato- 
micity "  and       Also  sometimes  pseudo-triatomic. 

The  following  list  contains  the  names  and  formulae  of  the 
most  interesting  compounds  of  this  metal : — 

Plumbic  chloride  ...    PbCl^.  ©-©-© 
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Plumbous  oxide 


PbO. 


Plumbic      oxide.  1 
{Litharge.)  ......  J 

Plumbic  peroxide.  \  -phO 
{Plattnerite.)  ...  J 


r 


Diplumbic  tri- 
oxide  ......... 


{ 


PbOPbo". 


3D 


Triplumbic  1 
tetroxide  J 


PbPbo"„. 


©=© 
©=©=® 

r-® 

i  I 

®=©  © 

/©/ 
-©/' 


•0  1— (Ft 


PbPbo"(Pb",03)".  ©( 


(o>-@ 


Tetraplumbic 
pentoxide 

"l'"':}  ®^©<H) 

Plumbic  hydrate   ...  PbHo^. 


Diplumbic  oxy  dichlo- 
ride.  {Matlockite.) 


fPbCl 
0  . 
PbCl 


(gH©-<o)Hg)-@ 
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Triplumbic     oxydi-  f^^Cl 

cMoride.  {Mendi-  \  .  ©"©"©"^S)"©"® 
P^i^')    PbCl 


Diplumbic   oxycMo-  ^ 
rohydrate   


fPbHo 

o    .  ®-©-^H5)-G>© 

PbCl  ^        ^  ^ 


Octoplumbic  hept-  \  q 
oxydicliloride  ...  J  372 


(°H5)-©-©-©-©-g^0-(°H5>-©-©-0 
©  (2) 


Cl)  C] 


Plumbic  sulpbide.  1  pbS" 
(^Galena.)   J 


Diplumbic  sulphodi-  i^}^^  r^^r^r^u^^ 

chloride   iPbCl        ^  ^^U^^^J^ 

Plumbic  sulphate.  \     SO  Pbo" 
{Lead  vitriol.)    J  ^ 

TNO 

Plumbic  dinitrite  ...  ^  Pbo". 

[no 

Plumbic  nitrite  hy.l  ]srO(Pb"HoO). 

drate   J 

Diplumbic  nitrite- 1    NPbo"(Pb"HoO) . 

hydrate   J 

/©X 

©-©-©-©-©  ® 
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Plumbic  dinitrate 


NO, 

Pbo". 
NO. 


® 


0-(o>-@>-0-0 

II  A 

®  ® 


Hydric  plumbic  ni- 
trate   


NOHoPbo".      ©-©-0:^  ^© 

© 


Dihydric  diplum- " 
bic  nitrate  hy 
drate  


NHo,Pbo"(PbHoO). 


© 


©. 


©-©-©-©-©(  )© 

^©' 


© 

I 

© 


Dihydric  diplumbic 
nitrate  nitrite. 
{Sasic  hyponitrate 
of  lead.)   


f  NHo.Pbo" 
Pbo" 
NO 


© 


?© 

®=®-©-©-(2^®(  /© 

© 


Plumbic  carbonate 
{Lead  spar,  wliite 
lead  ore?)   


/©X 

COPbo".        ©=©  @ 
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Triplumbic   dihy- 1     CO(OPbHo)p,  „ 
drate  dicarbonate  J     CO(OPbHo)-*^^''  5 

© 


or 


Dibydric  triplum- 1  CHoPbo"p|^^„ 
bic  dicarbonate  J  CHoPbo" 

©  © 

©(x)©-®-©-©-©(x)© 

N©  ^©^ 


CO         ^  /©-©-®v9 

x@-©^^g 

CoPbo  I 
cn  Pbo"Pbo". 
Pbo"  I 


Diplumbic      sul- ' 
pbate  carbonate. 
{Lanarhite.)  .... 

Tetraplumbic  tri- 

carbonate  sul- 
.    phate.  {Lead- 

hillite.^   

©  0  (o)  © 

©-©-©K°)-©-©-(5K5-©-©-©-©-(^ 
 ©  S-""""'^® 

/©  ®  © 

Diplumbic  ciromate.    CrOPbo",.      0    ^0""  "~"0 

Triplumbic  di-fCrOPbo-,     I      I  ' 

©  © 

Dipotassic        I  pboKo,.  Y 

plumbate  ...  J  0_0_0)_0_0 
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CHAPTER  XXIV. 

HEXAD  ELEMENTS. 

Section  IV. 
CHROMIUM,  Cr. 

Atomic  weight  =52'5.  Molecular  weight  unknown.  Sp.  gr.  6. 
Atomicity  ",  and  ^;  also  a  pseudo-triad  {and  a  pseud-octadC) . 
Evidence  of  atomicity  : — See  the  annexed  compounds. 

The  following  are  the  most  important  compounds  of  this 
metal : — 

Chromous  chloride      CrCl^.  ®-©-® 


Chromic  chloride  , . .  |  q J!q}^- 


Cl )   (  ci 


en— r Cr)— (Cr)— f  Cl 


Cl)    (  Cl 


Chromic  perfluoride.    CrFg.  (c^ 


© 


Chromous  oxide   CrO. 

Chromous  hydrate . . .  CrHoj 

Chromic  oxide   |  S**9o. 


© 


186 


COMPOUNDS  OF  CHROMIUM. 


Chromous  dichromic  f  CrO^^^,,  /®~©~®\ 
tetroxide   I  ^^rO       '  0=©  ©=® 

Dichromic  ferrous 

tetroxide.  I  j  OrO^^^„  /®-®-®\ 

(Chrome      iron  |  I  '  @-@  ©-© 

ore.)   

Chromic  dioxide   ClrOg. 

® 

Chromic  anhydride.     CrOg.  1 1 

®=©=® 


Dipotassic    chro-  ■>>  ® 

mate.  (7y(o)-^(oy^ 

potassic      chro-  j  2     2       w  w  w  ^  ^ 

mate.)   J  Q 


(o)  (o) 

Dipotassic      dichro-  |  CrO  Ko  MM 

mate.      {Fotassic  \  0  •  ®)~'®~@~®~~@~®~® 

bichromate.)    [CrO^Ko  M  M 

0  © 


fCrO.Ko 

10 

Dipotassic  trichromate.  ^  CrO 
(Potassic  terchromate.)  |  O  ^ 

l^CrO.Ko 
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Dipotassic  cliromous  |     SOgKop   „  pott 
disulphate.  Kg.  1.  J     SO.Ko^''''  ' 


SO 

Dichromic      trisul- 1     so:-( 'cr'",0,)M5OH, 
phate.  rig.2.  J     sO.  ' 


Dipotassic  dichromic  '^  qq  j^q-^ 

tetrasulphate         I  SO-  l^,,,,  Oj.  240H.. 

{Jtrotassium  chrome  |  0*^2 —  1      ^  ' 

alum.)  rig.  3  J  SO^KoJ 


Dichromic  hexani 
trate 


Octochromic  carbo- 
nate dihydrate.      \  C('Cr"',0,3Ho,)^ 
Eig.  5  

Plumbic  chromate. 

{Bed    lead     ore,  \  CrO^Pbo". 
crocoisite.)  Fig.  6. 


Sulphochromic  acid. 
{JDihydriG  sulphate 
chromate.')  Pig.  7.  ... 


fSO^Ho 
O 

CrO.Ho 


Tetrapotassic     dichro-  f  ^^^-^^  ^^S'^'Ko 
mosulphate.  Pig.8....  I  QrOKo— O2-' 

Chromic  hydrate  ..A  QOH^. 

V  3 

©  © 

I  I 
®  ® 

Perchromie  acid  |  Crof(OHoy  ®  ® 

©=©--©=© 

II  II 

©  © 
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Potassie  chlorocliro- 

mate  


© 

I  CrO.ClKo.  @-©-©-© 
J  1 1 


Chromic   dichloro  di- 
oxide.      {Chloro-  \  CrO.Cl^. 
chromic  acid.)  

Chromous  sulphide....  CrS". 

Dichromic      trisul-  f  CrS"g„ 

phide   \CrS" 

Sulphochromic  anhy-  \  q^^h 

dride                     J  ^* 


® 

II 

Cl  ]_(^_(  Cl 

M 
© 


MANGANESE,  Mn. 

Atomic  weight  =55.  Molecular  weight  unknown.  Sp.  gr.  7 
to  8.  Atomicity  ",  and  ;  also  a  pseudo-triad  and  a 
pseud-octad.    Evidence  of  atomicity : — 

Manganic  perfluoride    Mn^^Fg. 

Analogy  with  chromium. 

The  following  are  some  of  the  more  important  compounds 
of  this  element : — 

Manganous  chloride.  MnCl2. 


©)—(©—©) 


Manganic  chloride ...    Mn  Cl^. 


Cl 


0  @ 


Dimanganic     hexa-  f  MnClg 
chloride   1  MnClg- 


Manganous  hydrate .    MnHo^.  ®-®-©-®-® 


©)— ©)— ^Md)— ©) 
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Manganous  oxide  ...    MnO.  ©=® 

Trimanganic      tetr-    MnO^  ^ 
oxide.     {ILausma- '  Mn  q.  /-<^ 
nite.)    MnO  @=(M^g)-(g)=(o) 

Manganous    diman-  f  MnOny-  „ 

ganictetroxide  ...  l^^nO        '  0zi@  ©=® 

Dimanganic  trioxide.  f  MiiOq 

{Braunite.)    [MnO   *  (o)-@-@-(o) 

(5)  (5) 

Dimanganic  dioxydi-    j^^^-^^  II 
hydrate.    (Jf^^^y^- 1  jyi^OHo*  ©  ® 


Varvicite 


fMnO-O-^ 


Mno"  (Mn^^Ho",). 
MnO-O-J 

(2)=@— @— ©— ®— ©=© 

\  / 

®— ®— ® 

©  ® 

/  \ 

©  © 

Manganic       oxide.  1  j^^^q 

{Fi/rolusite.)   J  ^ 

Manganous    diman-  ^ 

ganic  tetroxide  di-  I  MnHoQ 

hydrate.  (JPsilome-  |  MnHo  ^ 


/©-©-©\ 

©-©-©  (©-©-© 

I        ^  I 

^ — © — ' 

© 


Dipotassic  manganate  MnO^Ko^.  ®-©K©-®-® 
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Dipotassic  per- 
manganate   


1 


MnO,(OKo) 
MnO,(OKo)- 


©: 


9 
^  (o) 

©  © 

I  I 


©  © 


Manganons  sul- 
phide. {Man- 
ganese blende.) . 

J)  isulphop  0 1  as  sic 
trimanganous 
disulpbide  ...... 

Manganous  carbo- 
nate. {Manga- 
nese spar.)   

Dihydric  manga- 
nous sulphate... 

Dipotassic  manga- 
nous disulphate 

Aluminic  manga- 
nous     tetrasul-  I 
pbate.  (Manga-  L 
nese  aluminium 
alvm.)   

Dimanganic  trisul- 
phate   

Dipotassic  diman-^ 
ganic  tetrasul- 
phate.     (Potas-  J> 
sium  manganese  \ 
alum.)   i 


MnS. 


MnKso,, 
Mn 

MnKs^ 


COMno". 


SOHo,Mno",(3,  4  or  60H,). 
|gj|>o",60H, 


SO,  , 

Mno"  i;M"fiy\  240H,. 
SO, 
SO. 


SO,-^ 

SO,-('Mn"',0,)-. 
S0„^ 


SO,Ko 
SO,,- 


^^^"('Mn"',Oe)-,  240H, 

so!koj 
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PP^Ho.Mno;'. 


>■  SiOMno". 


Dihydric  dimanga- 
nous  diphosphate 

Manganous  sili-^ 
cate.  (^Silicife- 
rous  manganese, 
red  manganese, 
rother  Mangan- 
Iciesel,  Moth- 
hraunsteinerz. ) 

Dimanganous  sili- 
cate. {TefJiro- 
ite.)  

Dihydric  dimanga- 
nic  silicate  dihy- 
drate.  (Schwar-  y  SiHo^COMnHo)^ 
zer  Manganlcie- 
sel.)  

Hexmanganic  mo- 
nosilicate.  (He 
ferocline.)   


SiMno'' 


Si('Mn"'eO,Ji^ 


-v!v — ^ 


®  ©  ©  © 

I     I     I  I 

\/\/\/\/\/ 
©    ©    ©    ©  © 


Iriglucinic  tetraman-  T SiGo" 

ganous    trisilicate  |  ^no 
sulphide. 

«^^'^^-)    1  SiGo" 


dicatelMno"     /  Mii"Ox" 

.jr.^  SiGo"    i  \S"  ] 


Muminic  manganous 
disilicate  


M^'AV\0,Y\  20H, 
Si— J 
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IRON,  Te. 

Atomic  weight  =56.  Molecular  weight  unknown.  Sp.ffr.t'S. 
Atomicity  ",  and  Evidence  of  atomicity  : — Analogy 
with  chromium. 

The  following  is  a  list  of  the  chief  compounds  of  iron : — 

Perrons  chloride   ...    FeCl^.  ®-©~® 

©  @ 

Perric  chloride   |  p^^j^  0_Q_Q_0 

(2)  § 

Ferrous  oxide    FeO.  ©-© 

Ferrous  hydrate          FeHo^.  ©-©-©-©"© 

Ferric  oxide.  {Bed 


hcematite.    micace-  /r\ 

TFeO  w 

ous   iron,    oligist,  \  p^qO.  /  \ 

sjpecular    iron   or  ^  ®=©~©=© 
iron  glance.)   

©  ® 
I  I 

®  ® 

Diferric  hexaliydrate.  j  pg^^°^  ®-®-©-©-®-® 

®  ® 

©  ®     ©  © 

Tetraferric     trioxy-  |      i  |  | 

hexahydrate.((7om-  fFeOHo        ©  ©        ©  © 
pact    brown   iron\  ^^^^^  ^  ®=©-©-<^(j5-(^^ 
ore^  fibrous  brown  |  PeHo  v_y  w 

iron  ore  or  brown  [YeO^o  ©  © 

hcematite.)    J-^  JL 

©  © 
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Diferric  dioxy-dihy-  ®  ® 

drate.       {Needle  f  PeOHo  A  A 

iron    ore^    hrown  \  FeOHo  Y 

iron  ore.)  _  ©=©~©~® 

©  © 

Diferric     oxy-tetra-  ®  Q  ® 

hydrate.  (Another  r  FeHo^^  A/  ^(L 

variety  of  hrown  \  FeHo2  '  Y  i 

iron  ore.)  (o^  (o) 

®  © 

rPeO^  (o)  (o) 

Triferric  tetroxide  . . .  ^  Fe  X  •  /<  /\ 


FeO^ '  ©=©-©-©=© 
or 

Ferrous  diferric        rp  q 
tr oxide.  (Magnetic  \  pgQ^^o  "• 
2>o^  ore.) 

0-0-0 

0-0  0=0 

© 

M 

Potassic  ferrate   FeO^Ko^.  ®-©-©-®-® 

II 

® 

Octoferrous  sulphide  ^'XFe,)"S". 


Fe)— {  Fe)— (  Fe)— (  F^— ^FeJ— ^Fe^— ^Fe^— 

-0  ^ 


L  - 


Diferrous  sulphide . . .  |  p®S".  ©z^® 

Eerrous  sulphide  ...  FeS", 
Ferric  disulphide. ") 

(Iron  pyrites,  >  FeS''^.  ®=:®=:® 
martial  pi/rites.)  J 
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Diferric  trisulpliide 


Diferric  dicupric  te- 
trasulpliide.  {Cop- 
per pyrites?) 


Diferric  liexaiii- 
trate.    Fig.  1... 

Hexabydric  di- 
ferric diphos- 
phate dihydrate. 
Pig-  2  

Eerrous  sulphate. 
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© 

/  \ 

©=©-©=© 


FeS''  „ 
FeS"^  ■ 


©  © 
©=©-©=© 


NeO,('re"',Oey^. 


P,Hoe(Te"',Ho,OJ-. 


^rrous  sulphate.  I  soHo,reo",60H, 
Fig.  3   1 


Dipotassic  ferrous  di- 
sulphate.    Fig.  4. 

Diferric  trisul- 
phate.  (Coquim- 
Ute.)    Fig.  5. 


rso.Ko 

Feo"  ,60H,. 
SO,Ko. 

SO,-- 1 

S0,-('Fe"',0eys9OH,. 

so„— ' 


SO,Ko-| 


Dipotassic  diferric  ^^^^^ 

tetrasulphate.     I  SO, —  i^'Ye"  fl^y\^4iOii,. 

(Fotassium  iron  \  ^^2~7  I  ^ 

7     X    T?'    A  SO.KoJ 
alum.)    Fig.  6.  J  2 

Tetraferric      sul- 1  S0,('Fe"'40,)",6OH,. 
phate.    Fig.  7.  J 

Tetrahydric  tetra-^^ 
ferric    sulphate  | 

octohydrate.       y  SHo,('Fe"',OHo,0,)". 
{Vitriol  ochre.) 

Fig.  8   - 


To  -faxx/  pa^ey  194- . 
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Heptaferric   octo- ' 
sulphide.  {Mag- 
netic pyrites.)  ... . 


Ferrous  carbonate. 
{Spathic  iron 
ore.) 

Ferrous  nitrate  . . . . 


©  ©  ©  ©  ©  © 

/\/\/\/\/\/\ 
©=©-©-©-©-©-©-©=  © 

COFeo". 

NO, 
Feo". 
NO.. 


COBALT,  Co. 

Atomic  weight  =  58*8.    Molecular  weight  unknown,    Sp.  qr.  8 '5. 
Atomicity  ",  ?  ^l^o  pseudo-triatomic. 

For  evidence  of  the  atomicity  of  cobalt  see  the  following  list 
of  the  chief  compounds  of  this  metal : — 


Cobaltous  chloride  CoCL. 


0-0-0 


Cobaltic  chloride 


■{ 


en  (ci 


C0CI3 
CoCl3' 


0-0-0-0 


Cl)  (Cl 


Cobaltous  oxide   CoO. 

Cobaltic  oxide   |  q^qO. 

Cobaltous  dicobaltic  f  CoO 


tetroxide   \  CoO 

Co,0,. 


Coo". 


0=0 

© 

/  \ 

0=0-0=0 
0-0-0 


/ 


Hexacobaltic  hept 
oxide  


©=©- 


-©=©) 


©  ©  ©  ©  © 

/\/\/\/\/\ 

K  2 
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Cobaltous  hydrate 


CoHo. 


Cobaltic  oxy-dihydrate   |  QqQ^q- 


Cobaltous  sulphide   CoS". 

Cobaltic   sulphide.  {Gobalt 
'pyrites?)  


®  ® 
®  ® 

I  I 
©=©-©=© 


CoS"q„ 
CoS"^  • 


Dipotassic  cobaltous  disul- 1  SOgKo 


phate.   Kg.  1  1  SO:KoCoo",60H.. 

Dihydric     pentacobaltous " 
dicarbonate  tetrahydrate. 
Fig.  2   

Dicobaltous  carbonate  di- 
hydrate.    Pig.  3  

Dipotassic  cobaltous  dicar- 
bonate.   Pig.  4  


CHo(OCo"Ho),^  „  o 
CHo(OCo"Ho),^''^ 


CO(OCo"Ho),. 
^^^^Coo'MOOH.. 


COKo' 

[nh  1 

Cobaltoso-diammon-diammo-  J  q^^^^ 
nic  dichloride.    Pig.  5.  ...  | 

NH,(NvHJCl 


Dicobaltic  hexammon-hexam- 
monic  hexachloride.    {Im-  * 
teo-colalt  chloride?)    Pig.  6. 


Dicobaltic  tetrammon-hexam- 
monic  hexachloride.  (jSo- 
seo-cohaU  or purpureo-cohalt 
chloride.}  Pig.  7  

Cobaltous  dinitrate  


rCo-NH,(NvHJCl 
-NH.(N-HJC1 
— NH;(NvHJCr 
[Co-NH,(N^HJCl 
'--NH.CIN'^HJCI 

-NH,(N^HJC1 
Co-NH,(N^HJCl 
L— NH3CI 
P-NH3CI 
LCo-NH,(N^HJCl 
L- NH,(NvHJCl 

5Jg^Coo",60H, 


To  fiux,  page.  756 . 
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Cobaltic  disulphide    C0S2. 

Co  ^/®^ 


Dicobaltous  oxysulphide   Qq^^  '  fe 

Dihydric  cobaltous  sulphate..  SOHo2Coo",60H2. 


NICKEL,  m. 

Atomic  weigTit  =58'8.   Molecular  weight  unknown.    Sp.  gr.  8'7. 
Atomicity  ",     and  "'^  ?  also  pseudo-triatomic. 

Annexed  is  a  list  of  tlie  chief  compounds  of  this  metal : — 

Nickelous  chloride    NiCl^.  @~@~@ 

Nickelous  oxide    NiO. 

©  © 

(0)  (o) 

Nickelic  hydrate   |  0_0-0-@_0_@ 


© 
(2)  © 

Nickelous  hydrate    NiHog. 

Dinickelous  sulphide  -••jigiS"- 

Nickelous  sulphide. 

{^Capillary    pyrites,  r  NiS". 
hair  nicJcel.)   - 

Nickelic  disulphide    NiS",.  0=@=0 

Dihydric  nickelous  sul- 1     goHo.Nio",  60H,. 
phate  J 
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Dipotassic  nickelous  di-  J  ^j^"  °  fiOH 
sulphate   "[sO,Ko 

©  © 
©  © 


Nickelous  dinitrate 


NO, 

Nio'\60H,. 
NO, 

rCHo(M"OHo), 
Nio"  ,20H,. 
CHo(Ni"OHo), 


Dihydric  pentanickelous 
dicarbonate  tetrahy- 

drate   

fCOKo 

Dipotassic  nickelous  tri- J  xqqH 

carbonate    |  q       '  ^ 

l^COKo 


Nickelous  diarsenide.  1  "As\t"/ 

.,Ni  :  (Ni 


{KiipfernicTcel.) 


As' 


y\  As 


or 


I  I 

I  ! 


"As'-n  ^©  ©3 

"As'~l  I 

IVii^  (Ni) 

As'  ,\  • 


Nickelic  tetrarsenide.  "As'"^^^"^* 

"As'llJ  C©  ©^ 

Nickelous  sulphide  di-  /©\ 

arsenide.  (  Grey  nicJcel  |  ^^S"Ni".  (m)   |  0 

ore,  nickel  glance.)        ^  ^^(asV 
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CHAPTER  XXV. 
OEGANIC  CHEMISTEY. 

mTRODUCTOEY. 

The  number  of  elements  entering  into  the  composition  of 
organic  compounds  is  usually  very  small. 

The  really  essential  element  is  carbon. 

A  large  number  of  compounds  consist  of  carbon  united  with 
only  one  other  element,  either  hydrogen  or  nitrogen. 

The  members  of  another  very  large  class  contain  only  three 
elements, — carbon,  hydrogen,  and  oxygen ;  carbon,  hydrogen, 
and  nitrogen ;  or  carbon,  nitrogen,  and  oxygen. 

Others  contain /be^r  elements,  carbon,  hydrogen,  oxygen,  and 
nitrogen. 

Some  contain  sulphur,  chlorine,  bromine,  iodine,  silicon, 
phosphorus,  boron,  and  metals;  but  these  are  comparatively 
rare,  and  those  containing  sulphur  are  alone  found  in  nature. 

Although  the  number  of  the  elements  entering  into  the  com- 
position of  organic  compounds  is  much  smaller  than  that  taking 
part  in  the  formation  of  minerals,  yet  the  complexity  of  the 
former  class  of  compounds  is  frequently  much  greater. 

There  is  no  instance  of  an  organic  compound  containing  but 
two  single  atoms,  and  only  one  containing  three  (hydrocyanic 
acid,  HCN). 

On  the  other  hand,  the  number  of  atoms  in  a  single  organic 
compound  is  sometimes  very  great.    Thus  :-— 

Spermaceti  contains  98  atoms. 

Stearin  „  173  „ 

Margarin        „  217  „ 

Albumen        „  226  „ 

In  most,  possibly  in  all,  organic  compounds  carbon  is  a  tetrad. 
It  therefore  forms  with  1  atom  of  hydrogen  a  triad  compound 
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COMPOUND  ORGANIC  RADICALS. 


radical,  whicli  exists  in  cliloroform  (C^^H)"'Cl3;  a  dyad  com- 
pound radical  with  2  atoms  of  hydrogen,  as  in  methylenie 
dichloride  (C^^fl2)"Cl2 ;  and  a  monad  compound  radical  with 
3  atoms  of  hydrogen,  as  in  methylic  iodide  (C^^Hg)!.  But  in 
these  compounds  it  will  be  seen  that  the  carbon  is  always  satu- 
rated and  always  a  tetrad. 

This  is  in  conformity  with  the  following  general  law  : — "  In 
every  molecule  of  a  chemical  compound  the  sum  of  the  bonds 
is  always  an  even  number,"  because  every  number,  whether 
odd  or  even,  when  multiplied  by  2  gives  an  even  number.  To 
this  may  be  added  the  following  law,  to  which  no  exception  is 
known : — "  The  sum  of  the  bonds  in  any  molecule  is  at  least 
twice  as  great  as  the  active  atomicity  of  the  most  polyad  ele- 
ment in  the  compound," 

A  compound  organic  radical  consists,  therefore^  of  one  or  more 
atoms  of  carhon  in  wTiich  one  or  morehonds  are  unsatisfied,  and  it 
is  either  a  monad,  dyad,  Sfc.  radical,  according  to  the  numher  of 
monad  atoms  required  to  complete  its  active  atomidity. 

Such  a  radical,  when  a  monad,  triad,  or  pentad,  cannot  exist 
as  a  separate  atom ;  like  hydrogen  or  nitrogen,  when  isolated, 
it  combines  with  itself,  forming  a  diatomic  molecule.  It  is  only 
by  the  union  of  two  atoms  that  the  vacated  bonds  can  be  satisfied. 

The  following  are  two  of  the  principal  series  of  compound 


organic  radicals : — 

Methyl...  ^ 

Monads. 

fCH,  J 

fMe 
[Me 

Methylene . . . 

Dyads. 

CH,  or  Me"* 

Ethyl  ...  ^ 

[Et 
^Et 

Ethylene  . . . 

C,H,  or  Et". 

Propyl...  ^ 

f  Pr 
[Pr 

Propylene  . . . 

C3H,  or  Pr". 

Butyl  ...  - 
Amyl  ...  - 

I?:h:"  I 

I  C,H,,  1 

f  Bu 
[Bu 

[Ay 
[Ay 

Butylene  . . . 
Amylene  . . . 

C,l\  or  Bu". 

or  Ay". 

Only  known  in  combination. 


NOTATION  OF  ORGANIC  COMPOUNDS. 
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Organic  radicals  are  the  analogues  of  the  monad,  dyad, 
and  triad  elements  of  mineral  chemistry. 

Such  being  the  constitution  of  the  organic  radicals,  it  will 
now  be  necessary  to  investigate  their  functions  in  organic  com- 
pounds, and  to  examine  the  general  plan  according  to  which 
these  compounds  are  built  up. 

We  shall  be  assisted  in  this  investigation  if  we  reduce  the 
formulae  of  these  compounds  to  a  few  types  or  fundamental 
forms.  In  doing  this  it  is  necessary  to  avoid,  as  far  as  possible, 
all  empirical  grouping  of  atoms.  Our  formulse  must  express, 
as  exactly  as  possible,  how  the  elements  are  combined  with  each 
other.  Thus  in  a  compound  containing  C^HyO^,  the  formula 
ought  to  show,  first,  whether  the  hydrogen  is  combined  with 
the  carbon  or  with  the  oxygen,  or  if  combined  with  both,  it 
should  indicate  how  many  atoms  are  united  with  the  carbon,  and 
h9W  many  with  the  oxygen.  Secondly,  the  formula  ought  to 
show  whether  the  oxygen  be  united  with  the  carbon  or  with  the 
hydrogen,  or  partly  with  the  one  and  partly  with  the  other,  or, 
lastly,  whether  it  be  performing  the  function  of  linking  hy- 
drogen to  carbon. 

This  information  is  most  completely  given,  in  notation,  by 
making  carbon  the  dominant  or  grouping  element  in  non- 
nitrogenous  compounds,  and  nitrogen  in  the  remaining  organic 
compounds. 

Non-nitrogenous  organic  compounds,  exclusive  of  organo- 
metallic  bodies,  can  be  conveniently  considered  under  the  two 
following  types,  viz. : — 

© 

1.  The  monadelphic,  or  marsh-gas  1  (^P^_'^'c^— ^ 

type  J  ^y^vJ 

© 
©  © 

II 

2.  The  diadelphic,  or  methyl  type...  ®~©'~(^)~® 

©  © 

K  5 
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The  nitrogenous  organic  compounds  arrange  themselves  in 
the  most  convenient  manner  under  the  two  following  types : — 

© 


3.  The  ammonia  type    (J 


4.  The  ammonic  chloride  type    Q— (^n)— (J) 

(6® 

In  addition  to  these  types  a  few  others  will  be  occasionally 
necessary,  such  as — 

©00 

I      I  I 

5.  The  triadelphic  type    (2)~©~©~©~® 

III 

©0© 
©  © 

6.  The  double  monadelphic  type   . . .     ©— ©— ©~©)~© 

©  5 
©  © 

7.  The  condensed   diadelphic  or]  II 

olefine  type  J  w— 

©  © 

Double,  and  sometimes  even  treble  ammonia  and  ammonic- 
chloride  types  are  required  for  certain  compounds,  but  they 
do  not  need  special  description  here. 

The  above  types  are  written  symbolically  as  follows : — 

1.  Monadelphic  type    CH^. 

2.  Diadelphic  type   |  qjj^- 

3.  Ammonia  type   W'Hg. 

4.  Ammonic-chloride  type   N^H^Cl. 


FORMULA  OF  ORGANIC  COMPOUNBS. 
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5.  TriadelpMc  type   ^  CH^. 

CH„ 

6.  Double  monadelphic  type    ^  O  . 

In  order  to  facilitate  the  use  of  these  symbolic  types,  it  is 
advisable  to  become  familiarized  with  the  symbols  of  the  fol- 
lowing analogues  of  hydroxyl,  in  addition  to  those  already 
given  for  inorganic  compound  radicals  at  p.  28,  and  for  the 
monad  and  dyad  organic  radicals  at  p.  200  : — 

Methoxyl   CH3O   or  Meo. 

Ethoxyl    OJIfi  or  Eto. 

Propoxyl    CgH^O  or  Pro. 

Butoxyl   C^HgO  or  Buo. 

Amoxyl    CgH^^O  or  Ayo. 

Formulse  written  on  the  triadelphic  type  can  be  reduced  to 
the  diadelphic  type,  and  those  on  the  latter  to  the  monadelphic 
type  as  follows : — 

Triadelphic.  Diadelphic,  Monadelphic. 

The  above  alternative  monadelphic  formulse,  although  appa- 
rently different,  are  in  reality  identical,  as  can  be  easily 
proved  by  expressing  both  graphically,  thus : — 


0 

CMe,H,    =  ©-©- 


© 
-0- 

I 

© 


© 
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® 

CEtH,     =  ©-©h® 


0-0-0 
I 

© 


On  the  other  hand,  monadelphic  formulae,  if  they  contain  a 
suificient  number  of  carbon  atoms,  can  be  expanded  into  diadel- 
phic,  triadelphic,  &c.  formulae  in  the  following  manner : — 


CBuPrH,= 

Normal  butyl,  or 
propylated  methyl. 
(Molecule.) 


CPrH, 
CPrH„ 


rCEtH, 
CEtH„ 


^CMeH. 
CH, 

CH, 

CMeH. 


CH3 

ch; 

CH, 
CH. 


This  development  of  normal  butyl  depends  on  the  following 
facts : — 1st,  that  normal  butyl  is  propylated  methyl ;  2nd,  that 
normal  propyl  is  ethylated  methyl ;  and  3rd,  that  ethyl  is  me- 
thylated methyl. 

Secondary  and  tertiary  organic  radicals  (see  p.  207)  cannot  be 
completely  developed  vertically : — 


JCEtMeH  _ 
\CEtMeH  ~ 

Methylo-ethylated 
methyl.  (Molecule.) 


J  CMe, 


CMeH, 
CMeH 
CMeH  ' 
CMeH. 


I  CMeH 
"^1  CMeH 
!  CH, 
ICH, 


^CH, 
CH, 

CH(CH,) 
CH(CHJ 
|CH, 
LCH, 


=  J 


''CH3 
CMe, 
CMe, 
ICH, 


CH 

C(CH3)(CH3) 
1  C(0H3)(CH3)- 
ICH3 


Trimethylatfd 
methyl.  (Molecule.) 


GRAPHIC  FORMULAE. 
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It  will  be  seen,  on  comparing  the  above  formulae  with  the 
graphic  representation  of  the  respective  compounds,  that  both 
express  the  same  facts.  Thus  in  the  developed  symbolic  formula 
of  normal  butyl  it  is  evident  that  the  two  extreme  carbon  atoms 
are  united  with  three  atoms  of  hydrogen  and  one  of  carbon,  and 
all  the  intermediate  carbon  atoms  with  two  of  hydrogen  and  two 
of  carbon,  exactly  as  shown  in  the  following  graphic  represen- 
tation : — 


©  ©  ©  © 

(«HD-©-(^©- 
©  ©  ©  © 


©    0    (H)  0 

-©-(fKD-©-© 
I    I    I  I 
0  0  0  0 


Normal  butyl  or  propylated  methyl.  (Molecule.) 

Erom  the  developed  symbolic  formula  of  methylo-ethylated 
methyl,  it  is  evident  that  the  two  central  carbon  atoms  are 
united  with  three  atoms  of  carbon  and  one  of  hydrogen,  that 
the  two  extreme  carbon  atoms  are  united  with  one  atom  of  car- 
bon and  three  of  hydrogen,  that  the  intermediate  carbon  atoms 
are  joined  to  two  hydrogen  and  two  carbon  atoms,  and  that  the 
remaining  carbon  atoms  are  each  combined  with  one  atom  of 
carbon  and  three  of  hydrogen,  thus  — 

© 


©  © 

©-©-©-©-: 
©  ©  © 


©  ©  © 

-©-©-©-© . 
©  © 


©-©^ 

I 

© 

Methylo-ethylated  methyl.  (Molecule.) 

Lastly,  in  the  developed  symbolic  formula  for  trimethylated 
methyl,  the  two  central  atoms  of  carbon  are  each  united  with 
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four  carbon  atoms,  and  all  the  remaining  atoms  of  carbon  are 
united  with  three  of  hydrogen,  and  one  of  carbon,  thus : — 

,        ©  (H) 

©-©-©  (iy®-® 


® 

®-© — © 


® 

© — ©-0 


0-0-0  (n^©^ 
®  © 

Trimethylated  methyl.  (Molecule.) 


CLASSIFICATION  OF  ORGANIC  COMPOUNDS. 

The  most  important  organic  compounds  can  be  conveniently 
divided  into  the  following  twelve  families : — 

1.  Organic  radicals. 

2.  Hydrides  of  organic  radicals. 

3.  Alcohols. 

4.  Ethers. 

5.  Haloid  ethers, 

6.  Aldehydes. 

7.  Acids. 

8.  Anhydrides. 

9.  Ketones. 

10.  Ethereal  salts. 

11.  Organic  compounds  containing  triad  or  pentad  nitrogen. 

12.  Organo-metallic  bodies. 


MONAD  BASYLOUS  RADICALS. 
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OEGANIC  EADICALS. 


This  family  of  organic  compounds  is  divided  into  two 
ilasses : — 

Class  I.  Basylous  or  positive  radicals. 
Class  II.  Chlorous  or  negative  radicals. 

Class  I. 

BASYLOUS  OB  FOSITIVE  RADICALS, 

Monads. 


Etliylene  or  C^2n  Series. 
Acetylene  or  C^H2n_2  Series, 
Phenylene  or  C^Hg^-s  Series. 

Triads. 

Grlyceryl  or  (C„H2„_i)"'2  Series. 


These  radicals  are  divided  into  three  sections,  viz.  Normal, 


Metliyl  or  (C^Hg^+Oa  Series. 
Vinyl  or  {C,^2n-\}2  Series. 
Phenyl  or  (C„Il2„_7)2  Series. 


Dyads. 


Class  I. 


BASYLOUS  BADICALS. 


MONADS. 


METHYL  or  (C,H2,+i),  SEBIES 


econdary,  and  Tertiary 


Greneral  formula. 


1.  Normal  Eadicals 
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General  formulie. 

2.  Secondary  Eadicals    ••■  {  C(C  h'"+|)'H' 

3.  Tertiary  Eadicala    {c(c''Hr+!r 

'  In  tlie  first  of  tlie  above  formulae  n  may  =0,  but  in  the 
others  it  must  be  a  positive  integer. 

Examples  of  the  secondary  and  tertiary  series  of  radicals 
may  be  seen  in  the  secondary  and  tertiary  fatty  acids.  They 
have  not  yet  been  isolated. 

It  is  evident  that,  besides  the  three  series  of  radicals  shown 
above,  three  other  series,  containing,  in  the  same  molecule, 
normal  and  secondary,  normal  and  tertiary,  and  secondary  and 
tertiary  radicals,  may  exist ;  but  up  to  the  present  time  they 
have  not  been  obtained. 

1.  'Normal  Radicals. 

This  series  contains  the  radicals  of  the  metbylic  series  af 
alcohols. 

These  radicals  also  enter  into  the  composition  of  the  normal 
series  of  fatty  acids. 

The  following  list  contains  all  the  radicals  of  this  section 
that  have  been  hitherto  obtained ; — 

Boiling- 
points. 

Methyl    |        or  |  q jj^-   •  •  •  •   not  known. 

Et       r  CMeH.  CH 


1  J  i^t        I  UMe±i„  ! 


 about  -23°. 

CH3 
rCH3 


i 
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Boiling- 
points. 

■o  ,  ,             JBu       rCPrH,  „oo 
 {i^.-{gl:j|    ,,,0. 

Preparation. — 1.  By  the  action  of  zinc  on  the  iodides  of  the 
normal  radicals : — 

2C(C„H^0I    +    Zn    =    Znl,    +    { iglfeoH:- 

Part  of  the  liberated  radical  is  at  the  same  time  decomposed 
into  the  hydride  of  the  radical  and  the  corresponding  dyad 
radical : — 

J  C(C„H2,,+i)H    _  J  C(C„H2„+i)Ha    ,     rnrp  TT  ^TT^" 

A  remarkable  special  method  for  preparing  ethyl  consists  in 
exposing  mercury  and  ethylic  iodide  to  the  influence  of  sun- 
light : — 

2EtI    +    Hg    =    Hgl,    +  Et,. 

Ethylic  Mereurio  Ethyl, 

iodide.  iodide. 

2.  By  the  electrolysis  of  the  salts  of  the  normal  fatty  acids. 
In  this  process  nascent  oxygen  acts  upon  the  fatty  acid,  con- 
verting its  oxaty]  into  carbonic  anhydride,  the  positive  radical 
being  set  free : — 

9  f  C5(C„H2„+i)Il2  I  n  —  /  ^(Cftllg^+i)!!^ 
^ICOHo  +    ^    -  |c(aH2.+0H, 

Fatty  acid.  Radical. 

+    2C0,    +  OH,. 

Carbonic  Water, 
anhydride. 

3.  By  acting  with  zinc  upon  the  iodides  of  two  radicals  simul- 
taneously, the  so-called  double  or  mixed  radicals  are  produced:-— 

fMe 


Mel    -f-    EtI    +    Zn    =    IZnl,  + 


[Et  • 


Methylic  Ethylic  Zincic  Methyl 

iodide.  iodide.  iodide.  ethyl. 
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ETHYL. 


©  © 


©  © 
-0-0-0 

I  I 

©  © 


Molecular  weight  =58.    Molecular  volume  \  I  1.    1  litre  of 
ethyl  gas  weighs  29  criths.    Boils  at  about  —23°  C. 

Preparation. — By  digesting  together  at  120°  ethylic  iodide 
and  zinc,  the  reaction  being  exactly  similar  to  that  between 
hydriodic  acid  and  zinc : — 


Zn    +    2HI    =    Znl,  + 


H 


Hydriodic  Zincic     .  Hydrogen, 

acid.  iodide. 

Zn    +    2EtI  =    Znl^    +  ||^. 

Ethylic  Zincic  Ethyl, 

iodide.  iodide. 


vijsrrz  suBius. 

G-eneral  formula...  |  S/n"TT^''"^NS^. 

I  u(C„±i2,,_ij±l2 

The  first  member  of  this  series — vinyl — has  not  yet  been 

isolated. 


( 


ALLTL. 

C3H,  J  C(CMe"H)H, 
C,H,     t  C(CMe"H)H; 


©-©-©-(2)-h©-©^^>^ 


©  ©  ©    ©  ©  © 


Molecular  weight  =82.    Molecular  volume  I  I  I.    1  litre  of 
allyl  vapour  weighs  41  criths.    Sp.gr.  0'684.    Boils  at  59*^ 


i 
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JPrejparafion. — By  digesting  allylic  iodide  with  sodium,  and 
len  distilling : — 


AUylic  iodide.  Allyl.  Sodic  iodide. 


Character. — Bromine  and  iodine  unite  directly  with  allyl, 
'oducing  allylic  tetrabromide  and  tetriodide.  In  these  com- 
)unds  the  molecule  of  allyl  plays  the  part  of  a  tetrad  radical. 

In  allylic  tetrabromide,  four  latent  carbon  bonds  in  the  mole- 
ile  of  allyl  have  become  active,  and  are  united  with  four  atoms 
'bromine: — 


n  analogous  case  is  met  with  in  ferric  chloride,  where  two 
itrad  atoms,  united  by  one  bond  of  each,  become  together  hexa- 
»mic : — 


Allylic  monobromide  can  only  be  obtained  by  the  action  of 
losphorous  tribromide  on  allylic  alcohol : — 


3C(CMe"H)H^Ho    +    PBrg    =  3G(CMe"H)H,Br 


Allyl. 


Allylic  tetrabromide. 


AllyUc  alcohol. 


Phosphorous 
tribromide. 


Allylic  monobromide. 


+  POHHo,. 


Phosphorous  acid. 


PRENYL  SEBIES. 


These  radicals  are  but  very  imperfectly  known,  phenyl  alone 
iving  been  investigated. 
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PHENYL. 

f  C(0,H3)H, 
t  C(C,H3)H; 


©-©-©-©^©-©-(^: 


®  ^  © 
©® 


3Iolecular  weight  =154.  Molecular  volume  I  I  I.  1  litre  of 
phenyl  vapour  weighs  77  criths.  Fuses  at  70°.  Boils  at 
240°. 

Preparation. — By  the  action  of  sodium  on  phenylic  bro- 
mide : — 

2C(CA)H,Br    +    Na,    =    {c(CA)5  + 

Phenylic  bromide.  Phenyl.  Sodic  bromide. 

Reaction.  —  By  treatment  with  bromine,  phenyl  produces 
bromphenyl  and  hydrobromic  acid : — 

fC(CA)H,     ,     B„     _  fC(C,H3)HBr 

Phenyl.  Bromphenyl.  Hydrobromie 

acid. 


CHAPTEE  XXVII. 

SASYLOUS  RADICALS. 
DYADS. 

ETHYLENE  or     Hs,  SERIES. 

Preparation. — These  compounds  are  produced  as  follows : — 
1.  In  many  cases  of  destructive  distillation,  where,  however, 
the  reaction  cannot  be  traced. 


ETHYLENE  SERIES. 
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2.  By  the  abstraction  of  the  elements  of  water  from  the 
normal  monacid  alcohols  of  the  methylic  series,  as  for  in- 
tance:  — 

OIL  „  r  CH„ 


ch:ho  =  "tas:  + 

Ethylic  alcohol.  Ethylene.  Water. 

3.  By  passing  th^  vapours  of  the  haloid  compounds  of  the  nor- 
mal monad  radicals  of  the  C,tH2„+i  series  over  heated  lime,  thus : — 

CH3CI    -     ICH,  + 

Ethylic  Ethylene.  Hydrochloric 

chloride.  acid. 

4.  By  the  transformation  of  the  monad  radicals  at  the  mo- 
ment of  liberation  from  their  compounds,  when  they  split  into 
dyad  radicals  and  the  hydrides  of  monad  radicals : — 

fC(CH3)H,  _  „fCH,  fCH, 
tC(CH3)H,    -     jCH,    +  {ch; 

Ethyl.  Ethylene.  Ethylic 

hydride. 

5.  By  the  action  of  the  iodide  of  a  monad  radical  on  the 
sodium  compound  of  a  monad  radical : — 


CH,I    +     \CH,Na    ~    J-^ai  +  j^jj^  +  j^jjj^. 

Ethylic  Sodic  Sodic  Ethylene.  Ethylic 

iodide.  ethide.  iodide.  hydride. 

Character. — The  lower  members  of  this  series  of  dyad  radicals 
are  gaseous,  the  higher  solid,  and  the  intermediate  ones  liquid. 

The  following  list  includes  the  known  dyad  radicals  of  this 
series,  together  with  their  fusing-  and  boiling-points : — 

Fusing-  Boiling- 
point,  point. 


Ethylene    C,H 

Propylene    CJl^    17-8 

Butylene  '   CJI,     -f35-0 

Amylene   ^o^w     ^^'^ 

Hexylene    C^H.^      39-0 

Heptylene  or  (Enanthylene...  C^H^^     55'0 

Octylene  or  Caprylene..   Clg^ie  •  ••••   ^^'^ 
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Fusing-  Boiling- 
point,  point. 

ro 


Nonylene    OJI^^    125 

Paramylene    C^Jl^^ 

Cetene    G^Jl^^ 


Cerotene    C^^Hg,    57°  275 

Melene    O,,!!,,,         62  375. 

Beactions. — 1.  The  dyad  radicals  of  this  series  all  unite 
directly  with  chlorine,  bromine,  and  iodine,  producing  com- 
pounds which,  in  the  case  of  ethylene,  are  represented  by 

JCH^Cl  rCH,Br  J  CHJ 

\CH3Cl  jCH^Br  \OB.,T 

Ethylenic  Ethylenic  Ethylenic 

dicUoride.  dibromide.  diiodide. 

These  compounds,  when  treated  with  alcoholic  solution  of 
potassic  hydrate,  furnish  one  molecule  of  a  hydracid,  thus : — 

+    KHo    =    KCl    +    "{gHCl    +  OH,. 

Ethylenic  Potassic  Potassic  Vinylic  chloride.  Water, 

dichloride.  hydrate.  chloride.  or  chlorinated 

ethylene. 

The  monochlorinated  radical  thus  obtained  again  unites  with 
two  atoms  of  chlorine,  producing  chlorinated  ethylenic  dichlo- 
ride, 

J  CHCICL 
1CH,C1  ' 

which,  by  further  treatment  with  alcoholic  potash,  yields  dichlo- 
rinated  ethylene  ;  and  so,  by  alternate  treatments  with  chlorine 
and  potassic  hydrate,  ethylene  becomes  transformed  into  tetra- 
chlorinated  ethylene.  The  following  formulae  show  the  first, 
intermediate,  and  final  compounds  : — 

CH,   r  CH.ci  „  J  CHci   r  chcici  „  r  chci 

CH3     \  CH^Cl    1 CH,       1  CH.Cl       \  CHCI 

f  CHcici  „  f  cci,    J  cci,ci  „  r  cci, 

ICHCICI    \CHC1    ICHCICI  icci; 


ETHYLENE  AND  ETHYLIDENE. 
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Tetrachlorinated  ethylene  absorbs  two  additional  atoms  of 
chlorine,  producing  the  solid  dicarbonic  hexacbloride  : — 

CCI3. 
CCI3 

Dicarbonic  hexachloride. 

2.  The  dyad  radicals  of  the  ethylene  series  can  be  transformed 
into  the  monad  radicals  from  which  they  are  derived.  If  ethylene 
be  digested  with  hydriodic  acid  for  50  hours  at  100°  C,  it  is 
transformed  into  ethylic  iodide : — 

CH, 
CH, 

Ethylene. 


+    HI  = 


Hydriodic 
acid. 


CH3 
CH,r 

Ethylic 
iodide. 


From  this,  ethyl  may  be  prepared,  as  shown  at  p.  210. 
Isomerism  of  ethylene  and  ethylidene  compounds. — The  chlorides 
of  the  dyad  radicals  are  isomeric  : — 

1.  With  the  chlorides  of  the  monochlorinated  normal  monad 
radicals, 

2.  With  the  chlorides  derived  from  the  aldehydes,  which, 
however,  are  identical  with  the  chlorides  of  the  monochlorinated 
normal  monad  radicals  : — 


CH^Cl 
CH,C1 

Ethylenic 
dichloride. 


JCH3 

1  CHCl, 

Ethylidenic  dichlo- 
ride (obtained  from 
aldehyde.) 


/CH3 

Monochlorinated 
ethylic  chloride. 


These  substances,  when  treated  with  alcoholic  potash,  all 
yield  the  same  vinylic  chloride : — 


J  CH^Cl 
1  CH^Cl 

Ethylenic 
dichloride. 


+    KHo  = 


Potassic 
hydrate. 


rcHci 

ICH, 


+    OH,    +  KCL 


Vinylic 
chloride. 


Water. 


Potasaic 
chloride. 


JCH3 

1  CHCl, 

Monochlorinated 
ethylic  chloride,  or 
Ethylidenic  dichlo- 
ride. 


+     KHo  = 


Potassic 
hydrate. 


rcHCi 

tcH, 

Vinylic 
chloride. 


4-    OH,  +  KCL 


Water. 


Potassic 
chloride. 


But  certain  compounds  of  ethylene  yield  paralactic  acid, 
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whilst  the  corresponding  compounds  of  ethylidene  give  lactic 
acid.  The  boiling-points  of  their  chlorides  also  differ,  ethy- 
lenic  dichloride  boiling  at  85°,  whilst  ethylidenic  dichloride 
boils  at  64f ;  on  the  other  hand,  ethylenic  oxide  boils  at  13°'5, 
whilst  ethylidenic  oxide  (aldehyde)  boils  at  20°. 
The  oxides  of  the  dyad  radicals  are  isomeric — 

1.  With  the  corresponding  aldehydes. 

2.  "With  the  alcohols  of  the  vinylic  or  C„H2«_iHo  series. 
The  nature  of  this  isomerism  is  seen  from  the  following  for- 
mulae : — 

f  CH,Q         f  CH,  „  r  CH, 

jCH,'-'         \COH  jCHHo- 

Ethylenic  Acetic  Vinylic 

oxide.  aldehyde.  alcorxol. 


ETHYLENE. 

©  © 

©-©-©-© 

Molecular  weigJit  =2'^.    Molecular  volw7ie  \  I  I.    1  litre  weighs 
14  critTis. 

Preparation. — See  general  methods  (p.  213). 
Reactions, — 1.  Decomposed  into  carbon  and  marsh-gas  by 
passing  through  a  red-hot  tube : — 

ci:  =  + 

Ethylene.  Marsh- 
gas. 

2,  Burns  in  chlorine  with  deposition  of  carbon : — 
+    2C1,  =    C,    +  4HC1. 

Ethylene.  Hydrochloric 

acid. 

Ethylidene,  the  isomer  of  ethylene,  has  not  yet  been  isolated, 


ACETYLENE. 
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unless  the  hydrocarbon  C2H^  derived  from  the  transformation  of 
ethyl  be  this  body.    The  formula  of  ethylidene  is  doubtless 

© 

,CH3.  ©-©-© 

©-© 
U 


ACJETTLENJE  or  SEBIES. 

Acetylene  is  the  only  radical  belonging  to  this  series  which 
is  well  knowQ.    The  series  comprises  the  following  members : — 

Acetylene   C^H^. 

Allylene    CgH^. 

Crotonylene   C^Hg, 

These  radicals  stand  in  the  same  relation  to  the  alcohols  of 
the  vinylic  series  as  ethylene  bears  to  ethylic  alcohol.  They 
are  also  probably  capable  of  assuming  tetrad  functions. 


ACETYLENE. 

'"C  A  or  {  ©-©^©-©  or  ©-©-©-© 

Molecular  weight  =26.    Molecular  volume  I  I  I.    1  litre  weighs 
13  criths. 

Preparation. — 1.  By  synthesis  from  its  elements.  When  an 
electric  arc  from  a  powerful  voltaic  battery  passes  between  car- 
bon poles  in  an  atmosphere  of  hydrogen,  acetylene  is  produced. 

2.  By  the  action  of  water  on  potassic  carbide : — 

C,K,    +    20H,    =    C,H,    +  2KHo. 

Potassic  Water.  Acetylene.  Potassic 

carbide.  hydrate. 

L 
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3.  By  the  action  of  lieat  upon  olefiant  gas  or  the  vapours  of 
alcohol,  ether,  or  wood-spirit,  or  by  passing  induction  sparks 
through  marsh-gas : — 

2CH,    =  +  3H,. 

Marsh-gas.  Acetylene. 

4.  By  heating  the  vapour  of  methylic  chloride  to  low  red- 
ness : — 

2CH3CI    =    C,H,    +    2HC1    +  H,. 

Methylic  Acetylene.  Hydrochloric 

chloride.  acid. 

5.  By  passing  the  vapour  of  chloroform  over  ignited  copper: — 

2CHCI3    +    Cu,    =    C,H,    +  3'Cu',Cl,. 

Chloroform.  Acetylene.  Cuprous 

chloride. 

6.  By  the  action  of  calcic  carbide  upon  water : — 

C^Ca"    +    20H^    =    C^H,    +  CaHo,. 

Calcic  Water.  Acetylene.  Calcic 

carbide.  hydrate. 

7.  From  vinylic  bromide,  one  of  the  derivatives  of  ethylene, 
acetylene  may  be  obtained  by  the  action  of  alcoholic  potash : — 

C,H3Br    -f    KHo    =    C,H,    -f    KBr    +  OH^. 

Vinylic  Potassic  Acetylene.  Potassic  Water, 

bromide.  hydrate.  bromide. 

8.  By  the  incomplete  combustion  of  bodies  containing  car- 
bon and  hydrogen : — 

4CH,    +    30/ =    2Cfi,    +  60H,: 

Marsh-gas.  Acetylene.  Water. 

2C,H,   +    0,    =   2C,H,   +  20H,. 

Olefiant  gas.  Acetylene.  Water. 

The  crude  acetylene,  obtained  by  any  of  these  processes,  is 
best  purified  by  passing  it  through  an  ammoniacal  solution  of 
cuprous  chloride,  with  which  it  forms  a  red  precipitate  con- 
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rc;cu',H 

2'Cu',Cl,  +  2Cfl,  +  OH,  =    ^  O      "      +  4HC1. 

Cuprous  Acetylene.  Cuprosovinylic  HydrocHorie 

chloride.  ether.  (Acetylide  acid 

of  copper.) 

If  ethylene  have  been  present  in  the  crude  acetylene,  the 
liquid  containing  the  red  precipitate  is  next  heated  to  boiling, 
in  order  to  decompose  a  compound  which  ethylene  forms  with 
copper.  The  cuprosovinylic  ether  is  then  collected  upon  a 
filter  and  washed.  On  heating  cuprosovinylic  ether  with 
hydrochloric  acid,  pure  acetylene  is  evolved  : — 

r  c;cu',H 

O  +    4HC1    =  +    2'Cu',Cl,  +  OH... 

C.'Cu'^H 

yuprosovinylic  Hydrochloric       Acetylene.  Cuprous  Water, 

ether.  (Acetylide  acid.  chloride, 

of  copper.) 

Meactions. — 1.  "When  cuprosovinylic  ether  is  heated  with  zinc 
and  dilute  ammonia,  the  nascent  hydrogen  evolved  by  the  action 
of  the  zinc  upon  the  ammonia  unites  with  acetylene,  producing 
ethylene : — 

C  Cu'  H 

O'      '      +    2K    =    2C,H,    +    4Cu    +  OH^; 


.c;cu'3H         '         '  ' 

Cuprosovinylic  Acetylene.  Water, 

ether. 


CoHg    +    H,    =  CJ^H^. 

Acetylene.  Ethylene. 

2.  Acetylene  is  absorbed  by  sulphuric  acid,  producing  vinyl- 
sulphuric  acid : — 

C,H^    +    SO,Ho,    =  SO,(C,H30)Ho. 

Acetylene.  Sulphuric  Vinyl-sulphuric 

acid.  acid. 

3.  Acetylene  unites  with  bromine,  forming  acetylenic  dibro- 
mide  : — 


"'C;H,    -f    Br,    =  "C'^H^Br,. 

Acetylene.  Acetylenic 

dibromide. 


L  2 
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BROMACETYLENE. 
C,HBr. 

By  boiling  together  dibromethylenic  dibromide  with  alco- 
holic potash,  a  spontaneously  inflammable  gas  is  evolved,  which 
is  bromacetylene. 

{clS    =    HBr    +    Br,    +  C.HBr. 

Dibromethylenic       Hydrobromic  Bromacetylene. 
dibromide.  acid. 


PHENTLENE  or  C^Hs^.s  SERIES. 

The  dyad  radicals  of  this  series  are  very  little  known. 
The  following  has  alone  been  isolated : — 

Phenylene,  CgH^. 


©  (h) 


SASYZOUS  BADICALS. 
TRIADS. 

These  radicals  are  unknown  in  the  separate  state,  unless  they 
are  identical  with  the  dyad  radicals  of  the  acetylene  series: — 

^2^2    -  |(CH)"" 

Aeetylena  FormyL 

They  are,  however,  well  known  in  a  numerous  class  of  com- 
pounds belonging  to  families  which  will  be  studied  hereafter. 


CYANOGEN  AND  OXATYL. 


221 


CHAPTER  XXVIII. 

OEGANIC  EADICALS. 

Class  II. 

CRLOBOUS  OB  NEGATIVE  EADICALS. 

Every  positive  or  basylous  radical  may  be  looked  upon  as  the 
source  of  a  chlorous  or  negative  radical,  which  is  generated  by 
displacing  a  portion  of  the  hydrogen  of  the  former  by  oxygen. 
Thus  :— 

Ethyl       {gA  yields  acetyl  {ggg. 

Allyl        jgg      „     acryl      { ggg. 

Ethylene  (C,H,)"  „  glycolyl  (C,H,0)". 
Propylene  (C3H,)"  „     lactyl  (C3H,0)". 

„     malonyl  (C3HP,)". 

The  constitution  of  the  so-called  compounds  of  these  negative 
radicals  may,  however,  be  more  simply  explained  from  another 
point  of  view ;  and,  in  fact,  it  will  only  be  necessary  for  us  to 
establish  the  existence  of  two  negative  radicals,  in  order  to  inves- 
tigate the  whole  range  of  chlorous  organic  compounds.  These 


are- 


Oxatyl,  the  molecule    ,  _  (^-G)- 


of  which  is  dry  j  COHo*  (o) 
oxalic  acid.  Y 

©  © 
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These  two  radicals  are  the  acidifying  principles  of  nearly  all 
organic  acids ;  they  are  therefore  highly  important  compounds. 
The  atom  of  each  consists  of  an  atom  of  carbon,  one  bond  of  which 
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is  free  to  combine  witli  other  elements  or  groups  of  elements, 
the  other  three  bonds  being  saturated,  in  cyanogen  by  triad 
nitrogen,  and  in  oxatyl  by  one  atom  of  oxygen  and  one  of 
hydroxyl.  In  the  molecules  of  both,  the  two  free  bonds  of 
the  carbon  saturate  each  other. 

These  radicals  are  also  closely  related  to  each  other.  Thus, 
if  cyanogen  be  dissolved  in  water,  it  is  soon  transformed  into 
ammonie  oxalate : — 

Cyanogen.  Water.  Amnionic  oxalate. 

In  the  presence  of  potassic  hydrate,  cyanogen  evolves  ammonia 
and  produces  potassic  oxalate  : — 

{g^:  +  2KHo   +    20H,  =   {gO|o  +  2NH3. 

Cyanogen.         Potassic  Water.  Potaasic  Ammonia, 

hydrate.  '  oxalate. 

Erom  these  salts  oxalic  acid,  or  the  molecule  of  oxatyl,  may 
of  course  be  readily  obtained  by  the  action  of  sulphuric  acid. 

In  the  converse  manner,  oxatyl  may  be  converted  into  cya- 
nogen, by  transforming  it  into  ammonie  oxalate  and  submitting 
the  salt  to  the  action  of  heat : — 

fCO(NvHp)  _  fCN"' 
\CO(N^H^O)    -  {CW- 

Ammonie  oxalate.  Water.  Cyanogen. 


CYANOGEN. 

Molecular 'wei(j/Jit= 52.    Molemlar  volume  I  I  I.    \  litre  weighs 
26  criths.    Fuses  at  —34°.    Boils  at  — 20°-7. 

Occurrence. — Amongst  the  gases  of  blast  furnaces, — a  proof 
of  its  withstanding  an  extremely  high  temperature. 
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Preparation. — By  the  action  of  heat  on  mercuric  cyanide  : — 
HgCy,    =    Hg    +  Cy,. 

Mercuric  Cyanogen, 
cyanide. 

This  equation  only  partially  expresses  the  reaction,  as  a  brown 
non-volatile  compound  (paracyanogen),  Cy„,  is  simultaneously 
produced. 

Ueaction. —  Cyanogen  unites  directly  with  potassium:  — 
Cy,    +    K,    =  2KCy. 

Cyanogen.  Potassic 

cyanide. 


HYDROCYANIC  ACID. 

Molecular  weight  =27.  Molecular  volume  I  I  I.  1  litre  of  hy- 
drocyanic acid  vapour  weighs  13"5  criths.  Sp.  gr.  of  liquid 
0-7058.    Fuses  at  —15°    Boils  at  26°-5. 

Preparation. — 1.  In  the  anhydrous  condition,  by  passing 
hydro  sulphuric  acid  over  mercuric  cyanide : — 

HgCy,    4-    SH,    =    HgS"    +  2HCy. 

Mercuric  Sulphuretted        Mercuric  Hydrocyanic 

cyanide.  hydrogen.  sulphide.  acid. 

2.  By  distilling  potassic  cyanide,  or  ferrocyanide,  with  dilute^ 
sulphuric  acid : — 

2KCy     +    SO.Ho,    =    2HCy    +  SO.Ko,. 

Potassic  Sulphuric  Hydrocyanic  Potassic 

cyanide.  acid.  acid.  sulphate. 

3.  By  passing  nitrogen  over  an  ignited  mixture  of  potassic 
carbonate  and  carbon  : — 

COKo,    +    0,    +  =    2CN'"K    +  3C0. 

Potassic  Potassic  Carbonic 

carbonate.  cyanide.  oxide. 

The  potassic  cyanide  thus  formed  is  then  treated  according 
to  process  No.  2. 

Beactions. — 1.  Hydrocyanic  acid  in  contact  with  water  slowly 
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passes,  partly  into  ammonic  oxalate  as  mentioned  at  p.  222,  and 
partly  into  ammonic  formate : — 

CW'K    +    20H,    =  {cO(N'H,0)- 

Hydrocyanic  Water.  Ammonic 

acid.  formate, 

2.  If  hydrocyanic  acid  be  mixed  with  concentrated  hydro- 
chloric acid,  formic  acid  and  ammonic  chloride  are  produced : — 

CN"'H    +    20H,   +   HCl    =    {qoHo    +  N^H.Cl. 

Hydrocyanic  Water.        Hydrochloric  Formic  Ammonic 

acid.  acid.  acid.  chloride. 

3.  The  displacement  of  the  hydrogen  in  hydrocyanic  acid  by 
metals  gives  rise  to  a  very  extensive  series  of  single  and  double 
cyanides.  The  following  is  a  list  of  the  most  important  of 
these  compounds : — 

Single  Cyanides. 


Potassic  cyanide   KCy. 

Zincic  cyanide    ZnCyg. 

Cadmic  cyanide   CdCy^. 

Nickelous  cyanide   NiCyg. 

Argentic  cyanide    -A-gCy. 

Mercuric  cyanide    HgCy^. 

Aurous  cyanide   AuCy. 

Cuprous  cyanide   'Cu'^Cy, 

Ferrous  cyanide   FeCy^. 

Cobaltous  cyanide   CoCy2. 


Double  Cyanides. 

Dipotassic  zincic  tetracyanide  

Dipotassic  cadmic  tetracyanide   

Dipotassic  nickelous  tetracyanide   . . . 

Potassic  argentic  dicyanide   

Potassic  aurous  dicyanide   

Potassic  auric  tetracyanide   

Dipotassic  cuprous  tetracyanide   

Dipotassic  platinous  tetracyanide   . . . 


K,Zn",  Cy.. 
K,Cd",  Cy,. 
K,Ni",  Cy,. 
KAg,  Cy,. 
KAu,  Cy,. 
KAu"'Cy.. 
K;Ca'„  Cy.. 
K,Pt",  Cy,. 
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Tetrapotassic  diplatinic  decacyanide    JLJ'Pf'fij^Q, 

Tetrapotassic  ferrous  hexacyanide.  (Po- 

tassic  ferrocyanide.)    K^,  Fe"Cye. 

Hexapotassic  diferric  dodecacyanide.  (Po- 

tassic  ferricyanide.)    Kg,  '^^'''fijii- 

Hexapotassic  dicobaltic  dodecacyanide. 

(Potassic  cobalticyanide.)   'KQ,'Co"'fiY^^. 

Hexapotassic  dichromic  dodecacyanide  . . .  Kg?  '^''''aCyia- 

Hexapotassic  dimanganic  dodecacyanide...  Kg'Mn'''^,  Cy^^. 


The  cyanides  of  the  alkali  metals  when  fused  in  contact  with 
air,  absorb  oxygen,  producing  cyanates : — 

KCy    +    O    =  CyKo. 

Potassic  Potassio 
'  cyanide.  cyanate. 

Some  of  the  single  cyanides,  as  potassic  cyanide,  are  readily 
decomposed  by  acids ;  others,  as  ferrous  and  aurous  cyanides, 
may  be  boiled  with  moderately  strong  acids  without  decom- 
position. 

Most  of  the  insoluble  single  cyanides  dissolve  in  solutions  of 
the  alkaline  cyanides,  forming  double  cyanides.  Some  of  these 
double  compounds,  when  acted  upon  by  hydrochloric  acid,  evolve 
hydrocyanic  acid,  producing  chlorides  of  both  metals,  as  in  the 
case  of  dipotassic  zincic  tetracyanide.  These  are  called  easil;^ 
decomposable  cyanides,  and  are  indicated  in  the  above  Table  by 
the  comma  being  placed  between  the  cyanogen  and  the  metals. 

Other  double  cyanides  do  not  evolve  hydrocyanic  acid 
under  the  influence  of  hydrochloric  acid,  but  produce  a 
chloride  of  one  of  the  metals,  the  remaining  elements  of  the 
compound  uniting  with  hydrogen  to  form  a  complex  acid.  In 
the  above  Table  the  double  cyanides  of  this  class  are  indicated  by 
the  comma  being  placed  between  the  metals. 

The  most  important  of  these  double  cyanides  are  the  po- 
tassic ferrocyanide  K^,  Ee"Cyg,  and  the  potassic  ferricyanide 
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POTASSIC  FEEROCYAmDE. 

K,,¥e"Cj,  orK.Cfy. 

Preparation. — 1.  By  placing  a  mixture  of  iron  filings  with 
solution  of  potassic  cyanide  in  contact  with  the  air,  oxygen  is 
absorbed  and  potassic  ferrocyanide  produced : — 

Fe  +  6KCy  +  OH,  +   O  =  K,re"Cy,  +  2KHo. 

Potassic  Water.  Potassic  Potassic 

cyanide.  ferrocyanide.  hydrate. 

2.  By  digesting  potassic  cyanide  with  ferrous  sulphide : — 

PeS"    +    6KCy    =    K,Ee"Cy,    +  SK,. 

Ferrous  Potassic  Potassic  Potassic 

sulphide.  cyanide.  ferrocyanide.  sulphide. 

3.  On  a  manufacturing  scale  it  is  prepared  by  fusing  nitroge- 
nous animal  matter  with  potassic  carbonate  and  iron  filings  in 
iron  vessels,  lixiviating  the  resulting  mass  with  water,  and  crys- 
tallizing. 

Reactions. — 1.  Potassic  ferrocyanide,  when  fused  with  po- 
tassic carbonate,  forms  potassic  cyanide  and  cyanate : — 

Ee"CyeK,  +  COKo,  =  5KCy  +  CyKo  +  Pe  +  CO,. 

Potassic  Potassic  Potassic  Potassic  Carbonic 

ferrocyanide.  carbonate.  cyanide.  cyanate.  anhydride. 

2.  By  mixing  solution  of  potassic  ferrocyanide  with  ether  and 
hydrochloric  acid,  hydroferroeyanic  acid  is  precipitated : — 

re"Cy3K,    +    4HC1    =    4KC1    +  Fe'CyeH,. 

Potassic  Hydrochloric  Potassic  Hydroferroeyanic 

ferrocyanide.  acid.  chloride.  acid. 

3.  Potassic  ferrocyanide  produces,  with  solutions  of  ferrous 
salts,  a  light-blue  precipitate,  which  rapidly  becomes  dark  blue 
in  contact  with  the  air : — 

Pe"CyeK,    +   SO.Peo"    =    Fe"CyePe"K,    +  SO.Ko,. 

Potassic  Ferrous  Light-blue  Potassic 

ferrocyanide.  sulphate.  precipitate  sulphate. 
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4.  With  ferric  salts  it  gives  prussian  blue : — 
3Fe"Cy„K,  +   2Pe,Cl,   =   3Pe"Cy„ 'Fe"',Cy,,  +  12KC1. 

Potasaic                   Ferric                      Prussian  blue.  Potassic 

ferrocyanide.              chloride.  chloride. 

5.  With  cupric  salts  it  gives  a  red  precipitate  of  cupric  ferro- 
cyanide : — 

K.-Fe'Vj,    +    2SO,Cuo"    =    CvL",'Fe"Cj,    +  2SO,Ko,. 

Potassic                      Cupric                         Cupric  Potassic 

ferrocyanide.                 sulphate.                   ferrocyanide.  sulphate. 


POTASSIC  FERRICYANIDE. 

KeTe"',Cy„  or  K.Cfdy. 

Preparation. — By  the  action  of  oxidizing  substances,  such  as 
chlorine  and  nitric  acid,  on  potassic  ferrocyanide : — 

2K.Fe"Cy,    +    CI,    =    K',re"',Cy„    +  2KC1. 

Potassic  Potassic  Potassic 

ferrocyanide.  ferricyanide.  chloride. 

Reaction. — Potassic  ferricyanide  produces  no  precipitate  with 
solutions  of  ferric  salts,  but  causes  a  deep-blue  precipitate  with 
ferrous  compounds : — 

K'ere"',Cy,,  +  SSO.Feo"  =^  Pe'VW'.Cy,,  +  3SO,Ko,. 

Potassic  FerrouB  sulphate.  Turnbull's  blue.  Potassic 

ferricyanide.  sulphate. 


OTHER  COMPOUNDS  OF  CYAYOGEN. 

There  are  three  isomeric  chlorides  of  cyanogen : — 
CyCl.  Cy.Cl,.  Cy3Cl3. 

Gaseous.  Liquid.  Solid. 

The  molecular  volvme  of  all  three  cyanogen  chlorides  is  1"  I  I. 

1  litre  of  gaseous  cyanogen  chloride  weighs    61'5  criths. 

1  litre  of  vapour  of  liquid  cyanogen  chloride  weighs  123  „ 
1  litre  of  vapour  of  solid  cyanogen  chloride  weighs  184'5  „ 

Cyanogen  produces,  with  hydroxyl,  three  isomeric  acids  and 
an  isomeric  neutral  body : — 
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Cyanic  acid   CyOH  or  CyHo. 

Cyanuric  acid    Cjfijl^  or  CygHog. 

rulminuric  acid    Cyfi^H^  or  Cy3Ho3. 

Cyamelide    Cy„0„H„  or  Cy„Ho,j. 

"When  potassic  cyanide  is  boiled  with  sulphur,  the  latter  is 
dissolved  and  the  solution  contains  potassic  sulphocyanate : — 

CyK    +    S    =  CyKs. 

Potassic  Potassic 
cyanide.  sulphocyanate. 

This  compound  produces  with  ferric  salts  a  blood-red  colour. 


OXATYL. 

JCOHo 
t  COHo- 

This  radical,  in  the  isolated  condition,  constitutes  dry  oxalic 
acid ;  and  in  combination  with  hydrogen  and  other  radicals  it 
enters  into  the  composition  of  nearly  all  organic  acids.  Acids 
containing  one  atom  of  oxatyl  are  monobasic,  those  contain- 
ing two  atoms  are  dibasic,  and  those  containing  three  are  tri- 
basic. 

The  relations  between  methyl,  oxatyl,  and  cyanogen  are  very 
Bimple : — 
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In  methyl  the  two  carbon  atoms  are  united  together  by  one 
bond  of  each,  the  remaining  three  bonds  of  each  atom  being  satu- 
rated by  three  atoms  of  hydrogen.  In  cyanogen  the  carbon  atoms 
are  united  in  the  same  manner,  but  the  three  remaining  bonds 
of  each  carbon  atom  are  saturated  by  triad  nitrogen ;  whilst  in 
oxatyl  the  three  remaining  bonds  are  saturated  with  the  dyad 
oxygen  and  the  monad  radical  hydroxyl. 

Oxatyl  has  not  been  united  with  chlorine  to  produce  oxatylic 
chloride  (COHoCl) ;  nor  has  its  hydroxyl  been  replaced  by  chlo- 

rine  to  form  <  qqqj-  When  treated  with  phosphoric  chloride, 

it  yields  carbonic  oxide  and  carbonic  anhydride : — 

{coio  +  ^^^^  =  CO  -f  CO,  4-  2HC1  +  POCI3. 

Oxatyl.  Phosphoric     Carbonic       Carbonic      Hydrochloric  Phosphoric 

chloride.         oxide.        anhydride.  acid.  oxytrichloride. 


OXALIC  ACID. 

{cOHo'20H,(crystamzed). 

Occurrence. — In  the  form  of  the  hydric  potassic  salt  in  Oxalis 
acetosella,  and  in  the  form  of  different  salts  in  many  other 
plants,  and  also  in  the  animal  organism. 

JPreparation. — 1.  Prom  its  elements  through  the  medium  of 
cyanogen.    (See  p.  222.) 

2.  By  the  oxidation  of  a  large  number  of  organic  compounds. 
Most  organic  substances  are  converted  by  oxidizing  agents 
into  oxalic  acid  before  their  final  transformation  into  carbonic 
anhydride  and  water :  thus  sugar  is  transformed  into  oxalic  acid 
by  the  action  of  nitric  acid. 

3.  By  heating  sawdust  with  a  mixture  of  potash  and  soda, 
oxalates  of  these  bases  are  formed. 

Transformations. — 1.  By  the  action  of  heat,  oxalic  acid  is  trans- 
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formed  into  carbonic  anhydride  and  oxatylic  hydride,  or  formic 
acid : — 

\COHo    ~  ^  \COHo- 

Oxalic  acid.  Carbonic  Formic  acid, 

anhydride. 

A  portion  of  the  formic  acid  is  at  the  same  time  decomposed 
into  water  and  carbonic  oxide  : — 

{ioHo    =  +  CO. 

Formic  acid.  Water.  Carbonic 

oxide. 

2.  Substances  having  a  strong  attraction  for  water,  as  sul- 
phuric acid,  transform  oxalic  acid  into  water,  carbonic  oxide, 
and  carbonic  anhydride  : — 

COHo    =    CO    +    CO,    +  OH, 

Oxalic  acid.  Carbonic  Carbonic  Water, 

oxide.  anhydride. 

3.  Heated  with  an  excess  of  alkali,  oxalic  acid  (or  an  oxalate) 
yields  hydrogen  and  a  carbonate : — 

{colo    +    2KHo    =    2C0K0,    +  H, 

Potassic  Potassic  Potassic 

oxalate.  hydrate.  carbonate. 

4.  Argentic  oxalate  explodes  when  heated,  producing  silver 
and  carbonic  anhydride : — 

{coin     =     ^^0^  + 

Argentic  Carbonic 
oxalate.  anhydride. 

Salts  of  Oxalic  acid. — Oxalic  acid  forms  three  series  of  salts: — 
Normal.  Acid.  Superacid. 

J  COKo  J  COHo  J  COHo  J  COHo 

1  COKo-  I  COKo-  tCOKo'  \  COHo* 

"COHo 

no 

ii^^Bao".  <  Bao"  . 

GO  ^i^Q 

t^COHo 


OXAMIDE. 
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Frejparation. — By  heating  liydric  ammonic  oxalate  to  230°: — 

fCO(N-'H.O)    _    JcO(N"'H,)  Q„ 
\COHo  ~    ICOHo  + 

Hydric  ammonic  Oxamic  acid.  Water, 

oxalate. 

Reaction. — By  boiling  oxamic  acid  witli  water  it  is  retrans- 
formed  into  liydric  ammonic  oxalate. 

OXAMIDE. 

JCO(N"'HJ  J  CO  Ad 
\CO(N"'H,)  "^""ICOAd' 

Freparation. — 1.  By  distilling  normal  ammonic  oxalate: — 
fCO(NvH,0)    _    20JJ  fCO(N"'HJ 

Normal  ammonic  Water.  Oxamide. 

oxalate. 

2.  By  acting  upon  etliylic  oxalate  by  ammonia : — 
{cOEto    +    ^^^^    =    1C0(N'"H;)    +  2EtHo. 

Ethylic  Ammonia.  Oxamide.  Alcohol-  ' 

oxalate. 

Beactions. — 1.  Oxamide,  when  beated  with  phosphoric  anhy- 
dride, evolves  cyanogen : — 

fCO(N"'HJ  _  Q-r.  rCN'" 
\CO(N"'HJ  "^"-^^  jCN"" 

Oxamide.  Water.  Cyanogen. 

2.  Dilute  acids  convert  it  into  oxalic  acid  and  ammonic 
salts : — 

Oxamide.  Sulphuric  acid.  Water.  Oxalic  acid. 

+  SO,(N'H,OX. 

Ammonic  sulphate. 


232  HYDRIDES  OF  COMPOUND  RADICALS. 

By  distilling  the  oxalates  of  the  compound  ammonias  instead 
of  ammonic  oxalate,  compound  oxamides  are  obtained : — 

C0(]SrvMeH30)  _  ooTT  4.  fCO(N"'MeH) 
C0(NvMeH30)    ~    "^^^^  \.CO(N"'MeH)- 

Methylammonic  oxalate.  Water.  Dimethyloxamide. 

C0(N^PhH30)    -    ^"^^    +  \CO(N"ThH)- 

Phenylammonic  oxalate.  Water.  Diphenyloxamide. 


CHAPTEU  XXIX. 

HYDRIDES  OF  THE  COMPOUND  RADICALS. 

This  family  is  divided  into  two  classes  : — ■ 

Class    I.  Hydrides  of  the  Basylous  or  Positive  Radicals. 
Class  II.  Hydrides  of  the  Chlorous  or  Negative  Radicals. 

Class  I. 

RYDBIDES  OF  THE  BASYLOUS  OB  POSITIVE 

BABIGALS. 

Two  series  of  hydrides  belonging  to  this  class  are  well  known  • 
they  are : — 

1.  Hydrides  of  the  Radicals  of  the  Methyl  series. 

2,  Hydrides  of  the  Radicals  of  the  Phenyl  series. 

1.  HYDBIDJES  OF  THE  BADICALS  OF  THE 
METHYL  SEBIES,  Marsh-gas,  or  C„H2„+2  Series. 

There  is  some  difference  of  opinion  as  to  whether  these  com- 
pounds are  identical  or  isomeric  with  the  radicals  of  the  methyl 
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series.  Thus  methyl  and  ethylic  hydride  both  contain  CjHg, 
and  ethyl  and  butylic  hydride  both  contain  C^H^o.  The  graphic 
formulae  exhibit  no  difference  between  these  pairs  of  bodies  re- 
spectively.   Thus : — 


HI    { H  )  d 
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Methyl  or  ethylic  hydride.  Ethyl  or  butylic  hydride. 

These  formulae  do  not  show  us  whether  the  molecule  of 
methyl  or  ethylic  hydridewill  separate  at  a  and  so  be  represented 

by  the  formula  \  ^^^-^3) -^2 .  qj.     5^  ^nd  so  be  written  thus, 


^  *  or  whether  the  molecule  of  ethyl  or  butylic  hydride 


{ 

will  separate  at  c  and  so  be  formulated  j  ^^^3^7)^2 . 


CH 
CH 


when  it  should  be  represented  by  |  q^qjj^^  jj^-  Some  experi- 
ments in  connexion  with  this  subject  appear  to  show  that  these 
compounds  are  isomeric. 

A  difference  between  methyl  and  ethylic  hydride  can  only 
be  conceived  on  the  supposition  that  the  four  bonds  of  carbon 
have  not  equal  values  in  combination,  an  hypothesis  which  is  not 
altogether  unsupported  by  facts. 

JPreparation. — 1.  There  is  only  one  process  of  general  applica- 
tion for  preparing  these  hydrides ;  it  consists  in  bringing  water 
into  contact  with  the  zinc  compounds  of  the  respective  radi- 
-cals;  — 

Zn(aH2„-^0a    +    20H,    ==    ZnHo,    +  2|g»^'^+^- 

Zinc  compovmd  Water.  Zincic  Hydride  of 

of  radical,  hydrate.  radical. 

The  corresponding  compounds  containing  more  positive 
metals  might  doubtless  be  substituted  for  those  of  zinc. 

2.  There  are  several  special  processes  which  may  be  used  for 
preparing  these  hydrides.    Thus  all  the  hydrides  above  that  of 
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metlijl  may  be  obtained,  together  with  the  corresponding  dyad 
radical,  by  acting  upon  the  iodide  of  the  monad  radical  by 
zinc : — 

2|C„H2»+i  _^  2n  =  Znl,  +  + 

Iodide  of  the  monad  Zincic  Dyad  Hydride  of 

radical.  iodide.  radical.  monad  radical. 

Methylic  hydride,  or  marsh-gas,  is  produced  during  putre- 
faction, and  by  the  distillation  of  potassic  acetate  with  excess 
of  potassic  hydrate. 

The  destructive  distillation  of  coal  and  of  allied  substances 
also  furnishes  a  large  number  of  the  members  of  this  series. 

Character. — They  are  all  distinguished  by  their  great  chemical 
indifference,  and  by  their  forming  substitution  compounds  con- 
taining chlorine,  bromine,  &c. 

The  following  list  contains  the  hydrides  of  the  monad  radicals 
at  present  studied  : — 


Boiling-points. 


MeH 

or 

C 

H4 

EtH 

or 

He 

, . ,  PrH 

or 

Ca 

,  BuH 

or 

C4 

slightly  above  0° 

...  AyH 

or 

C5 

30° 

CpH 

or 

Ce 

68° 

His 

92-  94^^ 

H18 

116-118° 

H20 

136-138° 

^10-^22 

160-162° 

1H24 

180-184° 

^12^26 

196-200° 

^13-^28 

216-218° 

C14H30 

236-240° 

5H32 

265-260° 

METHYLIC  HYDEIDE,  Marsh-gas,  Light  Carhuretted 
Hydrogen,  Mre-damp. 
CH^  or  MeH. 
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Molecular  weigJit  =16.    Molecular  volume  |  |  |.    1  litre  weigJis 
8  critTis. 

Occurrence. — 1.  As  a  product  of  the  decomposition  of  organic 
substances  out  of  contact  with  air. 

2.  Evolved  in  coal-mines. 

3.  The  gas  of  the  mud- volcano  at  Bulganak  in  the  Crimea 
is  nearly  pure  marsh-gas. 

Preparation. — 1.  By  the  action  of  water  on  zincic  methide. 
(See  general  reaction,  p.  233.) 

2.  By  distilling  two  parts  of  potassic  acetate,  two  of  potassic 
hydrate,  and  three  of  lime : — 

{cOKo   +    KHo    =    COKo,    +  CH, 

Potassic  Potassic  Potassic  Methylic 

acetate.  hydrate.  carbonate.  hydride. 

3.  By  the  reduction  of  carbonic  chloride  or  of  chloroform 
with  sodium  amalgam  and  water : — 

CCl,    -I-    H3    =    4HC1    +  OH,: 

Carbonic   .  Hydrochloric  Methylic 

chloride.  acid.  hydride. 

CHCI3    +  =    3HC1    +  CH,. 

Chloroform.  Hydrochloric  Methylic 

acid.  hydride. 

4.  By  passing  carbonic  disulphide  and  hydro  sulphuric  acid, 
or  carbonic  disulphide  and  steam,  over  ignited  copper : — 

CS",    -f    2SH^    +    4Cu    =  4CuS"    +  CH,. 

Carbonic  Sulphuretted  Cupric  Methylic 

disulphide.  hydrogen.  sulphide.  hydride. 

5.  By  the  destructive  distillation  of  organic  substances,  such 
as  wood,  coal,  &e. 

Reaction. — When  equal  volumes  of  methylic  hydride  and 
chlorine  are  exposed  to  diffused  daylight,  methylic  chloride  is 
formed :— ^ 

CH,    +    C\    =    HCl    H-  CH3CI. 

Methylic  Hydrochloric  Methylic 

hydride.  acid.  chloride. 
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ETHYLIC  HYDRIDE. 

CJI,  or  CMeHg. 

Molecular  weight  =30.   Molecular  volume  \  I  I.   1  litre  weighs 
15  criths. 

Preparation. — 1.  By  the  action  of  water  on  zin^iic  ethide 
(see  p.  233). 

2.  By  the  action  of  ethylic  iodide  on  sodic  ethide,  ethylene 
being  simultaneously  produced : — 

CMeH,I^a    +    CMeHJ   =   NaT   +   C,H,  +  CMeH3. 

Sodic  ethide.  Ethylic  Sodic  Ethylene.  Ethylic 

iodide.  iodide.  hydride. 

Reactions. — 1.  When  equal  volumes  of  ethylic  hydride  and 
chlorine  are  exposed  to  diffused  daylight,  the  following  action 
takes  place : — 

CMeH3    +    Q\    =    CMeH^Cl    +  HCl. 

Ethylic  /3  Ethylic  Hydrochloric 

hydride.  chloride.  acid. 

A  small  portion  of  the  body  CMeH^Cl  is  ordinary  ethylic 
chloride,  which  is  a  liquid,  boiling  at  12°'5  ;  but  the  rest  is  a  gas 
which  does  not  condense  at  — 18°. 

2.  When  a  mixture  of  two  volumes  of  chlorine  and  one  of 
ethylic  hydride  is  exposed  to  the  action  of  diffused  daylight,  an 
oily  liquid  having  the  composition  of  ethylenic  dichloride  is 
formed : — 

CMeHg    +    2C1,    ==    C.H.Cl^    +  2HC1. 

Ethylic  Hydrochloric 
hydride.  acid. 


AMYLIC  HYDRIDE. 

CgH,,  or  CBuHg. 

Molecular  weight  =72.    Molecular  volume  1  litre  of 

amylic  hydride-vapour  weighs  36  criths.    Boils  at  30°. 
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Occurrence. — In  petroleum  and  coal-oil. 

JPreparation. — Bj  digesting  zinc  and  amylic  iodide  with 
water  or  alcohol  at  100° : — 

2CBuHJ    +    2Zn    +    20H,  =  2CBUH3 

Amylic  Water.  Amj^lic 

iodide.  hydride. 

+    ZnHo^    +  Znl^. 

Zincic  Zincic 
hydrate.  iodide. 


PARAFFIN. 

This  body  is  produced,  together  with  numerous  other  com- 
pounds of  a  like  nature,  by  the  destructive  distillation  of  bog- 
head coal,  and  similar  substances.  It  is  also  found  in  petro- 
leum and  asphalt.  If  chlorine  be  passed  into  melted  paraffin,  the 
latter  is  slowly  attacked,  hydrochloric  acid  being  evolved.  In 
this  reaction  paraffin  resembles  the  hydrides  of  the  monad 
radicals,  and  differs  from  the  dyad  radicals,  to  which  class  it  was 
formerly  considered  to  belong.  In  the  formula  CnH2TO+2  for 
paraffin,  the  value  of  n  has  not  yet  been  satisfactorily  deter- 
mined; in  fact  it  is  probable  that  several  distinct  hydrides  of 
the  class  now  under  consideration  are  confounded  under  this 
name. 


2.  HTDBIDE8  OF  TSE  BADICALS  OF  TSE 
FKFNYL  SFBIES. 
The  following  five  members  of  this  series  are  known,  viz. : — 

Boiling- 
Formula,  point.         Bp.  gr. 


Benzol    C,^,  80-5  085 

Toluol   C^Hg  110-0  0-87 

Xylol    C3  H^,  128-5  

Cumol   148-5  0-87 

Cymol   C^oHu  171*4  0-86 


Freparation. — 1.  These  hydrides  are  produced  by  the  distilla- 
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tion  of  tlie  alkaline  salts  of  the  acids  containing  the  same  posi- 
tive radicals,  with  excess  of  potassic  hydrate : — 

jcOKo      +    ^^"^    ~    ^^^""2   +  |h 

Potassic  salt.  Potassie  Potassic  Hydride  of 

hydrate.  carbonate.  radical. 

2.  By  the  destructive  distillation  of  various  organic  sub- 
stances, such  as  coal. 

Properties. — These  hydrides  are  distinguished  from  those  of 
the  radicals  of  the  0,^2n-\-\  series  by  being  less  indifferent  to 
chemical  agents.  By  treatment  with  strong  nitric  acid  they 
yield  nitro-compounds : — 

Thus  Benzol,  Cg  Hg,  gives  nitrobenzol,  Cg  Hg  (N'^OJ. 
„  Toluol,  C,Hg,  „  nitrotoluol,  C,H,  (N^'Oj. 
„     Xylol,  „    nitroxylol,  C3Hg(N^02). 

„  Cumol,  Cg  H^25  jj  nitrocumol,  Cg  11^1(^^02). 
„     Cymol,C,,H,„    „    nitrocymol,  C,„H,3(N-0J. 

Under  the  influence  of  reducing  agents,  these  nitro-com- 
pounds yield  aniline  and  its  homologues. 


BENZOL,  Benzene,  Benzine,  Phenylic  Hydride, 
Bicarhuret  of  Hydrogen. 
C,H.  or  C(0,H3)H3,  or  PhH. 

®  _  ® 

®-©-©^-©-©-(£)-® 

®  © 

Molecular  weiglit  =78.    Molecular  volume  QD*    ^  ^^'^^^ 
henzol-vapour   weighs  39  criths.    Fuses  at  5°'5,  Boils 
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Occurrence. — In  Eangoon  petroleum  and  in  coal-tar. 
Preparation. — 1.  By  heating  benzoic  acid  with  excess  of  lime 
or  baryta : — 

{g(CA)H,    ^    ^,^0   ^     |C(CA)H.  +  cocao". 

Benzoic  acid.  Lime.  Benzol.  Calcic  carbonate. 

2.  By  heating  the  vapour  of  benzoic  acid  to  redness,  when 
it  splits  into  benzol  and  carbonic  anhydride : — 

{cOH^'^"^'    =  +  C!(C,H3)H3. 

Benzoic  acid.  Carbonic  Benzol, 

anhydride. 

3.  By  heating  phthalic  acid  with  lime : — 

+    2GaO    =    C,H,    +  2COCao". 

Phthalic  Lime.  Benzol.  Calcic 

acid.  carbonate. 

4.  By  passing  fats  through  red-hot  tubes. 

5.  By  the  destructive  distillation  of  coal. 

6.  In  small  quantity,  when  the  vapour  of  acetic  acid  or  of 
alcohol  is  passed  through  a  red-hot  tube. 

SUBSTITUTIOJSr  JDEBIVATIVES  OF  BJENZOL. 

I.  JBromo  Compounds. 

MOITOBKOMBENZOL. 
C,KBr. 

Boils  at  150°. 

Preparation. — By  acting  with  two  atoms  of  bromine  on  boil- 
ing benzol : — 

C,H,    +    Br,    =    C.H.Br    +  HBr. 

Benzol.  Monobrombenzol  Hydrobromic 

or  phenylic  acid, 
bromide. 


Fuses  at  89°. 


DIBROMBENZOL. 

CeH.Br,. 
Boils  at  219° 
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Freparation. — By  treating  monobrombenzol  witK  excess  of 
bromine. 


TRIBROMBENZOL  HYDROBROMATE. 

CeH.Br.. 


Freparation. — By  exposing  a  mixture  of  benzol  and  bromine 
to  the  action  of  sunlight. 


TRIBROMBENZOL. 

CeH3Br3. 

Freparation. — By  boiling  the  previous  compound  with  alco- 
holic potash. 

The  following  graphic  formulae  show  the  probable  atomic 
relations  subsisting  between  benzol,  tribrombenzol  hydrobro- 
mate,  and  tribrombenzol : — 


Benzol. 

©©©©©© 
©-©-©-©-©-©-(^ 


©   ©  ®  ^ 

Tribrombenzol  hydrobromate. 

©0  ^  """^ 

Tribrombenzol. 


NITROBENZOL. 
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II.  CJiloro-compounds. 

Benzol  forms  three  chloro-  substitution  compounds,  similar  to 
the  bromo-compounds  just  described. 

State  of         Fusing-  Boiling- 
aggregation,         point.       point.       Sp.  gr. 

Monochlorbenzol...  CeHgCl,   Liquid...    136°.   

Dichlorbenzol          CgH.Cl^,   Solid  ...  89°.     

Trichlorbenzol         CgHgClg,   Oily  ...    210°  1-457. 

III.  Nitro-compounds. 

Two  only  have  hitherto  been  produced. 

Nitrobenzol    CeH,(NvO,)  or  N(CeH5)0,. 

Dinitrobenzol         CeH,(N^02),  or  N,(CeHJ"0,. 


NITEOBENZOL. 

N(CeHg)0,  or  NPhO,. 

Molecular  weight  =123.    Molecular  voltme  III.    1  litre  of 
nitrohenzol  vapour  weighs  61*5  criths.      Fuses  at  3°. 
Boils  at  220°. 

Preparation. — By  the  action  of  nitric  acid  on  benzol : — 
C(C,H3>H3    +    NO,Ho    =  N(C,H,)0,    +  OH,. 

Benzol.  Nitric  acid.  Nitrobenzol.  Water. 

Beactions. — 1.  By  the  action  of  reducing  or  hydrogenating 
agents,  as  zinc  .and  hydrochloric  acid,  sulphuretted  hydrogen, 
acetic  acid  and  iron,  or  potassic  arsenite,  nitrobenzol  is  con- 
verted into  aniline : — 

N(C,HJO,  +  3SH,  =  N(C,H,)H,  +  20H,  +  S3 
or  CeH,(NvO,)  +  3SH3  =  CeH,(N"'H,)  +  20H,  +  % 

Nitrobenzol.         Sulphuretted  Aniline.  Water, 

hydrogen, 

M 
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The  relation  between  nitrobenzol  and  aniline  will  be  seen  in 
the  following  graphic  formulsB  : — 

©   _     _  ®© 

I     r  -\     r  ^     I  II 

Nitrobenzol. 


®-©-©-(£>(£HD-© 


Aniline. 


2.  By  the  action  of  sodium  amalgam  and  water,  nitrobenzol 
is  converted  into  azobenzol,  and  finally  into  benzidine  : — 

2Nv(CeH,)0,    +    H,    =  "{n(cS)  + 

Nitrobenzol.  Azobenzol.  Water. 

„fN(C,H,)     ,     H    -  |N(CeH,)H 


Azobenzol.  Benzidine. 


DINITEOBENZOL. 

N,(C.H,)"0,. 

Fuses  helow  100°. 

Pre;paration. — By  treating  nitrobenzol  with  a  mixture  of 
concentrated  nitric  and  sulphuric  acids. 

Beaction. — By  the  action  of  sulphuretted  hydrogen,  dinitro- 
benzol  is  converted  into  nitraniline  : — 


N,(C,H,)"0,    +    3SH,    =  \ 


fNO, 

(C.H.)"  +  20H,  +  S3. 
NH. 


2 


Dinitrobenzol.  Sulphuretted  Nitraniline.  Water. 

hydrogen. 
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Class  II. 

HTDBIDES  OF  CHLOBOUS  OB  NEGATIVE 

BADICALS. 

Only  two  of  these  are  known  : — 

Cyanic  hydride  or  Hydrocyanic  acid. 
Oxatylic  hydride  or  Formic  acid. 

The  first  has  already  been  considered  (p.  223);  and  the  second 
will  be  more  conveniently  studied  in  connexion  with  the  fatty 
acids  (p.  304). 


CHAPTER  XXX. 

THE  ALCOHOLS. 

The  alcohols  form  one  of  the  most  important  of  the  families  of 
organic  compounds.  The  simplest  member  of  this  family  is 
methylic  alcohol,  which  is  derived  from  marsh-gas  by  the  sub- 
stitution of  one  atom  of  hydroxyl  for  one  of  hydrogen. 

CH,.  CH3H0. 

0  0 

0-0-0  ®-©-®-© 
©  © 

Marsh-gas.  Methylic  alcohol. 

The  alcohols  have  been  termed  the  hydrated  oxides  of  the 
basylous  radicals ;  but  this  is  erroneous,  as  they  do  not  contain 
water.  They  may  more  correctly  be  defined  as  the  compounds 
of  hydroxyl  with  the  basylous  organic  radicals,  whence  it 
follows  that  each  series  of  basylous  radicals  forms  a  correspond- 
ing series  of  alcohols.  The  alcohols  act  upon  and  saturate 
acids,  forming  a  family  of  compounds  termed  ethereal  salts. 

M  2 
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The  acidity  or  acid-saturating  power  of  the  alcohols  depends 
upon  the  number  of  atoms  of  hydroxyl  which  they  contain : 
the  monad  radicals  give  monacid  alcohols,  the  dyad  radicals 
diacid  alcohols,  &c.  We  have  thus  the  annexed  three  principal 
subdivisions  of  the  alcohol  family. 


Monacid.  Diacid.  Triacid 

Glycol  or   C„H2„IIo2     Glycerin orC„H2n-iHo 
series. 


Methyl  or  C„H2m+iHo 
series. 

Vinyl  or  C„H2n-iIIo 

series. 
Phenyl  or  C,iH2m-7Ho 

series. 


3 

series. 


The  following  symbolic  and  graphic  formulae  will  exemplify 
the  arrangement  of  the  bonds  in  these  three  subdivisions  : — 

Monacid  AIcoJioIs. 

Propylic   alcohol.  1     _    q  H  Ho  or  I 

{Ethyl  series.)  ]     "    ^s^r^io  or  |  cjj^Hq  • 

(H)(S)(J) 

©-(£>(fK£)-©-© 


H        H  H 


Allylic     alcohol.  1     _    r- tt  tt  rC(CHJ'H 
{Vinyl  series.)    ]     "    '^aJis-tlo  or  |  CH^Ho  " 


I      I  I 
©  ©  ® 

Benzoic    alcohol.  |     ^    C  H  Ho  or  I  ^^^^^^^^2 
{phenyl  series. 

)  J     -  I  CH^Ho  • 

^  ©0© 

©-©-©-©-©;;^K^-©-®-® 
(H)  ^"^  (H)© 
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Diacid  Alcohols. 


Propylenic  alco- 1  f  C(CH3)HHo 

hol,orpropylic  V     =    CgHeHo^  or  j  -^^ 
glycol   J  ' 

(H)(H)(S) 

©-(^Hf)-©-® 

(O)   ©  (5) 


Triacid  Alcohols. 


Grlycerin    =    C3H5H03  or  ^ 


rCH^Ho 
CHHo. 
CH„Ho 


©-©-©-©-© 
©  © 


MONACID  ALCOHOLS: 
Methyl  or  C^Hsn+iHo  series. 
These  alcohols  may  be  divided  into  three  classes  viz. : — 

1.  Monacid  normal  alcohols 

2.  „       secondary    „  {ggfeSno- 

^-  "  '^^"^  "  {SS&K&o- 

In  the  general  formula  of  the  normal  alcohols  n  may  =0, 
and  even  the  whole  radical  C(C„H2„+i)H,^  may  be  replaced  by 
hydrogen,  as  is  the  case  in  methylic  alcohol.  In  the  formulae 
of  the  secondary  and  tertiary  alcohols  n  may  also  =0,  but  m 
must  always  be  a  positive  integer. 


1  CH  Ho 
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NOBMAL  MONACID  ALCOHOLS. 
Oeneral  formula  | 
The  following  is  a  list  of  the  members  of  this  class 


Methylic  alcoliol  

Ethylic  alcohol   

Propylic  or  tritylic  al-  /  CMeHg 

•cohol   ICH^Ho 

Butylic  or  tetrylic  al-  f  CEtHa 

cohol   ICH^Ho 

Amylic  or  pentylic  al-  f  CPrH2 

cohol   1  CH^Ho 

Caproylic    or    hexylic  f  CBUII2 

alcohol  ICH^Ho 

(Enanthylic  or  heptylic  f  CAyHg 

alcohol  1  CH2H0 

Caprylic  or  octylic  al-  f  CCpHg 

cohol   ICH^Ho 


or 


or 


or 


or 


or 


or 


Fusing- 
points. 

Boiling- 
points. 

66°-5. 

;cH3 

78° -4. 

rC(CH3)H2 

1  CJTT  TTn 

96°. 

r  C(C2H3)H2 
1  flTT  TTn 

109°. 

rC(C3H,)H2 
1  CH  Ho 

-20°. 

132°. 

rC(C,H3)H2 

1 CH2H0 

r  C(C3H„)H2 

1 CH2H0 

rc(C3H,3)H2 
1 CH2H0 

178°. 

1  C(C  H2e)H2 
1  CHgHo 

49° -50° 

rC(C2H,,)H2 

1 CH2H0 

79°. 

r  C(C28Hg.^)H2 

1 CH2H0 

85°. 

Cerotic  alcohol   

Melissic  alcohol   

The  lower  members  of  the  class  are  liquid,  and  the  higher 
solid.  There  is  a  rise  of  about  19°  in  the  boiling-point  for 
every  addition  of  CH^.  They  are  produced  in  a  variety  of 
operations,  such  as  destructive  distillation,  fermentation,  and 
animal  secretion,  but  by  reactions  which  cannot  usually  be 
traced. 

Relations  of  the  normal  C^Hg^j+iHo  alcohols  to  the  monad  QJl2n+\ 

radicals. 

1.  The  radicals  C^Hg^+i  which  are  combined  with  hydroxyl  in 
the  normal  alcohols  may  be  separated,  by  first  converting  the 
alcohol  into  an  iodide  (see  p.  283),  and  subsequently  acting  on 
the  iodide  by  zinc  (see  p.  209). 
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2.  The  radical  next  lower  in  the  series,  than  that  contained  in 
the  alcohol,  may  be  obtained  by  converting  the  alcohol  into  the 
corresponding  fatty  acid,  and  then  submitting  a  salt  of  this  acid 
to  electrolysis  (see  p.  209). 

3.  Inversely,  the  normal  alcohols  may  be  obtained  by  acting 
upon  the  radicals  with  chlorine  under  the  influence  of  light,  when 
one  atom  of  hydrogen  in  the  radical  is  displaced  by  chlorine. 

Thus  in  the  case  of  methyl  we  have 

{§1:    +  =    {ggci    +  HCl: 

Methyl.  Chlorinated  Hydrochloric 

methyl.  acid. 

by  the  action  of  potassic  hydrate  upon  this  chlorinated  me- 
thyl, ethylic  alcohol  is  formed,  thus  : — 

{ilci    +    KHo    =    {gHsjj^    +  KCl. 

Chlorinated  Potassic  Ethylic  Potassic 

methyl.  hydrate.  alcohol.  chloride. 

This  reaction  requires  further  investigation  (see  p.  248). 

Belations  of  the  normal  C^Hg^+iHo  alcohols  to  the  dyad  C^Ha,, 

radicals. 

1.  The  C^Hg^j  radicals  are  obtained  from  the  normal  C„H2„4.iHo 
alcohols  by  the  abstraction  of  the  elements  of  water : — 

Ethylic  Water.  Ethylene, 

alcohol. 

2.  Inversely,  the  normal  alcohols  are  obtained  from  these 
radicals  by  first  uniting  the  latter  with  hydrochloric,  hydro- 
bromic,  or  hydriodic  acid,  and  then  treating  the  product  with 
potassic  hydrate : — 

"  { c§  ■  +  HCl  =  j 

Ethylene,      Hydrochloric  Ethylic 
acid.  chloride. 

{otIcI    +    KHo    =  +  KCl. 

Ethylic  Potassic  Ethylic  Potassic 

chloride.  hydrate.  alcohol.  chloride. 


248 


THE  ALCOHOLS. 


Or  by  uniting  the  dyad  radicals  with  sulphuric  acid,  and 
distilling  the  product  with  water : — 

+ 

Ethylene. 


SO,Ho, 

Sulphuric 
acid. 


=    SO,Ho(C,H,0) : 

Sulphovinic  acid. 


SO,EtoHo  + 


Sulphovinic 
acid. 


OH3 

Water. 


SO.Ho, 

Sulphuric 
acid. 


+  EtHo. 

Ethylic 
alcohol. 


Relations  of  the  normal  C„H2„+iHo  alcohols  to  the  hydrides 
of  the  C„H2„+i  radicals. 

1.  When  the  alcohols  are  converted  into  iodides  (see  p.  283) 
and  the  latter  digested  with  zinc  and  water  at  100°,  the  corre- 
sponding hydrides  are  produced  (see  p.  237). 

2.  When  the  hydrides  of  the  C^Hg^+i  radicals  are  acted 
upon  by  chlorine  under  the  influence  of  light,  they  produce 
the  chlorides  of  the  radicals,  from  which  the  alcohols  may  be 
obtained  by  the  action  of  potassic  hydrate : — 

EtH    +    CL       =    EtCl     +  HCl. 


Ethylic 
hydride. 


Ethylic 
chloride. 


Hydrochlo- 
ric acid. 


EtCl    +    KHo    =    EtHo    -f  KCl. 


Ethylic 
chloride. 


Potassic 
hydrate. 


Ethylic 
alcohol. 


Potassic 
chloride. 


The  greater  quantity  of  the  chlorine  compound  so  formed  is 
isomeric  with  the  chloride  of  the  radical,  and  possibly  gives  a 
corresponding  isomeric  alcohol. 


Relations  of  the  normal  C^H2„+iHo  alcohols  to  the  radical  cya- 
nogen.   Ascent  of  the  alcohol  series.    Mendius's  reaction. 

By  the  dry  distillation  of  potassic  sulphovinate  audits  homo- 
logues  with  potassic  cyanide,  the  cyanides  of  the  radicals  are 
produced: — 

SO^EtoKo    +    KCy    =    SO.Ko,    +  EtCy. 

Potassic  Potassic  Potassic  Ethylic 

sulphovinate.  cyanide.  sulphate.  cyanide. 
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By  treatment  with  nascent  hydrogen,  this  cyanide  is  con- 
verted into  propylamine : — 

NC(CMeHJ  +         =    N[C(CMeH,)HJH,  or  NPrH,. 

Ethylic  cyanide.  Propylamine. 

By  the  action  of  nitrous  anhydride,  propylamine  is  trans- 
formed into  propylic  alcohol : — 

2NPrH,    +    N,03    =    2PrHo    -f    OH,  + 

Propylamine.  Nitrous  Propylic  Water, 

anhydride.  alcohol. 

It  is  obvious  that  by  repeating  these  reactions  on  propylic 
alcohol,  butylic  alcohol  would  be  obtained,  the  homologous 
series  of  alcohols  being  ascended  one  step  at  each  repetition  of 
the  process. 

METHYLIC  ALCOHOL,  Wood  Spirit,  JPyroxylic  Spirit. 

CH3H0  orMeHo. 

Molecular  weight  =32.    Molecular  volume  I  I  I.    1  litre  of 
metJiylic  alcohol  vapour  weighs  16  criths.    Sp.  gr.  0*798. 
Boils  at  66°*5. 

Preparation. — 1.  From  marsh-gas,  by  the  action  of  chlorine 
and  subsequent  treatment  with  potassic  hydrate : — 

CH,       +    CI,       =    CH3CI     +  HCl; 

Marsh-  Methylie  Hydrochlo- 

gas.  chloride.  ric  acid. 

CH3CI    +    KHo    =    CH3H0    +  KCl. 

Methylie  Potassic  Methylie  Potassic 

chloride.  hydrate.  alcohol.  chloride. 

2.  From  the  essential  oil  of  Gaultheria  procumhens,  by  the 
action  of  potassic  hydrate — 

C,H,OMeoHo   +    KHo    =   C,H,OHoKo    +  MeHo. 

Oil  of  Gaultheria  pro-  Potassic  Potassic  salicylate.  Methylie 

cumbens.    (Metho-  hydrate.  alcohol, 

salicylic  acid.) 

3.  By  the  destructive  distillation  of  wood. 

Reactions. — 1.  Methylie  alcohol  unites  with  some  salts  in  the 
capacity  of  water  of  crystallization,  as,  for  instance, — 


CaCl^,  2MeHo. 


M  5 
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2.  By  the  action  of  potassium  and  sodium,  methylates  are 
formed  witli  elimination  of  hydrogen : — 

CH3K0.  CHgNao. 

Potassic  Sodic 
methylate.  methylate. 

3.  By  oxidation  it  is  transformed  into  formic  acid :— 

{cH^Ho    +  =    {cOHo  + 

Methylic  Formic  acid.  Water, 

alcohol. 

4.  When  distilled  with  calcic  chloro-hypochlorite  (chloride  of 
lime)  and  water,  chloroform  is  produced. 

^CaCl 
O 

Ca" 

2CH3H0  +  4Ca(0Cl)Cl  =  2CHCI3        O       +  30H,. 

Ca" 
O 

^CaCl 

Methylic  Calcic  chloro-  Chloroform.         Calcic  oxy-  Water, 

alcohol.  hypochlorite.  chloride. 


ETHYLIC  ALCOHOL,  Alcohol,  Spirit  of  Wine. 

Molecular  weight  =46.  Molecular  volume  I  I  I.  1  litre  of 
ethylic  alcohol  vajpour  weighs  23  criths.  Sp,  gr.  0*792  at 
20°.    Boils  at  78°-4. 

Preparation. — 1.  From  ethylene  (p.  247). 
2.  By  the  fermentation  of  grape-sugar  with  yeast  at  about 
22°  — 

0,H,,0,    =    2C,H,Ho    +  2C0,. 

G-rape-sugar.  Ethylic  Carbonic 

alcohol.  anhydride. 

At  the  same  time,  however,  other  products  are  formed,  but 
in  very  small  quantities. 

Beactions. — 1.  Treated  with  potassium  or  sodium,  alcohol 
forms  ethylates : — 

JCH3  rcH, 

1  CH,Ko-  1  CH,Nao- 

Potassic  Sodic  ethylate. 

ethylate. 


MERCAPTAN. 
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2.  When  passed  through  a  red-hot  tube,  alcohol  is  decom- 
posed into  marsh-gas,  hydrogen,  and  carbonic  oxide : — 

C,H,Ho    =    CH,    +  +  CO. 

Ethylic  Marsh-  Carbonic 

alcohol.  gas.  oxide. 

Small  quantities  of  ethylene,  benzol,  and  naphthalin  are 
simultaneously  produced,  whilst  carbon  is  deposited. 

3.  By  oxidation,  ethylic  alcohol  is  converted  first  into  akle- 
hyde,  and  then  into  acetic  acid : — 


{ 


CH^Ho    +    ^    -    \COH  + 

Ethylic  Aldehyde.  Water, 

alcohol. 


\COH      +    u    -  jcOHo- 

Aldehyde.  Acetic  acid. 

4.  Distilled  with  chloride  of  lime,  ethylic  alcohol  produces 
chloroform. 

Alcoholates  are  salts  containing  alcohol  in  the  place  of  water 
of  crystallization ;  they  are  mostly  decomposed  immediately  by 
water. 

The  following  are  known : — 

ZnCl„  2C,H,Ho. 
CaCl„  ^C^H^Ho. 
NAMgo",  6C,H,Ho. 


MEECAPTAN,  Mphur  Alcohol,  Ethylic  sulphhydrate, 
Hy&rosulphate  of  Ethyl. 

%l%  or  EtHs. 

Molecular  weight  =62.  Molecular  volume  I"  I  I.  1  litre  of 
mercaptan  vapour  weighs  31  criths,  Sp.  gr.  0'835.  Boils 
at  63° 
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Preparation. — By  distilling  potassic  sulphovinate  with  po- 
tassic  sulplihydrate : — 

SO^EtoKo    +    KHs    =    EtHs    +  SO^Ko,. 

Potassic  Potassic  Mercaptan.  Potassic 

sulphiovinate.  sulphhydrate.  sulphate. 

Beactions. — 1.  By  the  action  of  potassium  and  sodium  on 
mercaptan,  an  atom  of  hydrogen  is  displaced  by  the  metal,  pro- 
ducing mercap tides : — 

CH3  J  CH3 

CH^Ks-  t  CH^Nas- 

Potassic  Sodic 
mereaptide.  mercaptide. 

2.  Mercaptan  acts  upon  mercuric  oxide  with  great  energy,  a 
white  crystalline  mercuric  mercaptide  being  formed : — 

JCH3 

McIhs    +    «S0  =    }g|Hgs"       +  OH, 

Mercaptan.  Mercuric  Mercuric  Water, 

oxide.  mercaptide. 

Propylic  alcohol,  |  obtained  from  the  fusel  oil 

of  the  marc  brandy  of  the  south  of  France. 

f  CEtH 

Butylic  alcohol,  |  jj-^,  is  contained  in  the  fusel  oil  pro- 
duced in  the  preparation  of  spirit  from  the  molasses  of  beet- 
root sugar. 

CH  Ho  chief  constituent  of  the  fusel 

oil  obtained  in  the  manufacture  of  alcohol  from  potatoes  or 
o-rain. 

As  far  as  these  alcohols  have  been  studied,  they  resemble,  in 
their  chemical  relations,  the  two  previously  described. 

SECONDARY MONACID  ALCOHOLS. 

General  formula...  {gg^-^^^^^^ 

The  secondary  alcohols  differ  from  the  normal  in  yielding 
by  oxidation  ketones  instead  of  acids. 


ISOPROPYLIC  ALCOHOL. 
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Three  secondary  alcohols  are  at  present  known : — 

CMeHHo- 

Pseudamylic  alcohol  . 

Pseudohexylic  alcohol 

The  first  is  obtained  by  the  action  of  nascent  hydrogen  on 
acetone : — 

/CH3        ,     H  - 

\COMe    +  -    I  CMeHHo- 

Acetone.  Isopropylie  alcohol. 

The  relation  existing  between  ethylic  alcohol,  propylic 
alcohol,  and  isopropylie  alcohol,  wiU  at  once  be  evident  from 
the  following  formulae : — 

rcH3         rc(CH3)H,  rcH3 

tCH^Ho-        jCH^Ho     •  lC(CH3)HHo' 

Ethylic  alcohoL  Propylic  alcohol.  Isopropylie  alcohol. 

From  these  formulse  it  is  seen  that  propylic  alcohol  is  ethylic 
alcohol  in  which  one  atom  of  hydrogen  in  the  methyl  (or  non- 
oxygenated  part  of  the  compound)  is  displaced  by  methyl ; 
whereas  isopropylie  alcohol  is  ethylic  alcohol  in  which  one  atom 
of  hydrogen,  in  the  oxygenated  part  of  the  compound,  is  dis- 
placed by  methyl. 

Ethylic  alcohol  boils  at   ...  78°'4 
Propylic  alcohol      „      ...  96 
Isopropylie  alcohol  „      ...  87 

Thus,  by  substituting  an  atom  of  methyl  for  one  of  hydro- 
gen in  the  non-oxygenated  part  of  the  alcohol,  the  addition  of 
CH2  raises  the  boiling-point  17°'6 ;  whilst,  if  an  atom  of  hy- 
drogen in  the  oxygenated  part  be  similarly  displaced,  the  same 
addition  only  raises  the  boiling-point  8°'6. 

Isopropylie  alcohol  yields  by  oxidation  a  ketone,  and  not  an 
acid.     The  radical  oxatyl  being  a  necessary  constituent  in 


CH3 

CPrHHo' 


J  CPrH, 
1  CMeHHo* 
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organic  acids,  it  will  be  seen  from  the  following  equations  that, 
although  propylic  alcohol  can  be  converted  into  an  acid  without 
the  disruption  of  its  carbon  atoms,  isopropylic  alcohol  cannot 
be  so  transformed : — 


JCH3 

t  CH^Ho  + 

Ethylie  alcohol. 


0.  = 


COHo    +  ""^ 


©  \  ® 
©-©-i-©-© 

I    ;  I 
©  © 

I 

© 

+  0, 


Acetic  acid. 

©  .  © 
II 


2" 

Water. 


-© 


C(CH3)H, 
CH,Ho 

Propylic  alcohol 


©-©-i 

I 

© 


© 

I 

© 


CH 

C(CH3)HHo 

Isopropylic 
alcohol. 


© 

-©-© 

© 
I 

© 

+  o 


©-© 

I 

© 


C(CH3)K 
COHo 

Propionic  acid. 

©  .  ©  :  © 

I    :  II 

-©-;-© 

® '  (°) 
I 

© 

J'CH3 
\  C0(CH3) 

Acetone. 


+  OH,. 

Water. 


©-©- 
I 


+  OH, 

Water. 


© 

©-© 
I 

© 


© 

I 

-© 
© 


© 


©  © 

©-©-©-©-© 
I    II  I 

0®  © 


TEBTIABY  MONAOIB  ALCOHOLS. 
General  formula   j  %^'^''^'^^h  ■ 
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One  of  these  alcoliols  has  recently  been  obtained,  but  little 
is  yet  known  of  its  reactions. 

{CH 
CMeHo'         heen  produced  by 

acting  with  zincic  methide  on  acetylic  chloride,  and  submitting 
the  product  thus  obtained  to  the  action  of  water : — 


COCl 

Acetylic 
chloride. 


+  2ZnMe,  = 


Zincic 
methide. 


r  CH 

\CMe,(Zn"MeO)  +    ^^^^^^1 ; 

Zincic  chlor- 
methide. 


{cMe/Zn"MeO)   +    ^^^^  ~ 

Water. 


+    CH,    +  ZnHo, 

Methylic  Zincic 
hydride.  hydrate. 


\  CMe,Ho 

Pseudobutylic 
alcohol. 


9 

0-0-0 


® 

© 

0-0- 

-9- 

-©-© 

© 

© 

© 

or 


CH3 

C(CH3),Ho' 


Pseudobutylic  alcohol. 


CHAPTER  XXXI. 

MONACID  ALCOHOLS : 
Vinyl  or  C^H2„_iHo  series. 
The  normal  alcohols  only  of  this  series  are  known ;  and  of 
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these  but  two  have  been  obtained : — 

Yinylic  alcohol    -."IchHo  CMe"HHo. 


Ally  lie  alcohol    ...   |  jj^- 


©-©-9-©-©  ©-©-9-©-®-© 

©  ©  (5) 

Vinylic  alcohol.  AUylic  alcohol. 


VINYLIC  ALCOHOL. 

Preparation. — By  combining  acetylene  with  sulphuric  acid 
and  distilling  the  product  with  water,  in  the  same  manner  as  in 
the  preparation  of  ethylic  alcohol  from  ethylene  (p.  248)  : — 

SO.Ho,    +    C,H,    =  SO,(C,H30)Ho. 

Sulphuric  Acetylene.  Sulphovinylic  acid, 

acid. 

SO,(C,H30)Ho    +    OH,    =    SO^Ho,    +  CMe'HHo. 

Sxilphovinylic  acid.  Water.  Sulphuric  Vinylic 

acid.  alcohol. 

This  alcohol  is  isomeric  with  aldehyde  and  with  eth}'lenic 
oxide : — 

1  CHHo       t  COH         t  CH,*-^- 

Vinylic  Aldehyde.  Ethylenic 

alcohol.  oxide. 

{"CH 
CH  Ho'  formula  for 

vinylic  alcohol,  it  is  obvious  that  this  body  could  not  yield  an 
acid  by  oxidation ;  but  if  the  latter  formula  represent  vinylic 

("CH 
COHo' 

homologous  with  acrylic  acid. 


REACTIONS  OF  ALLYLIC  ALCOHOL. 
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ALLYLIC  ALCOHOL. 

CMe'H 


( 


Boils  at  103°. 

Preparation. — Griycerin,  when  submitted  to  the  action  of  di- 
phosphorous  tetriodide,  yields  allylic  iodide  : — 


"PV,  +  2 


CHHo  =  2  iCH  +  2POHHo,  +  I,. 
CH^Ho  ICH  J 


Diphosphorous  Glycerin.  Allylic  Phosphorous 

tetriodide.  iodide.  acid. 

The  allylic  iodide  is  then  decomposed  by  argentic  oxalate 
when  allylic  oxalate  is  formed : — 

2A11I  4-     J^OAgo    _     rCOAUo  2A^I 
JAiii  +     jcOAgo    -     jCOAUo  + 

Allylic  Argentic  Allylic  Argentic 

iodide.  oxalate.  oxalate.  iodide. 

The  allylic  oxalate  is  next  decomposed  by  ammonia,  when 
oxamide  and  allylic  alcohol  are  produced : — 

fCOAUo         2NH     -     /CO(N"'H,)  „ 

Allylic  Ammonia.  Oxamide.  Allylic 

oxalate.  alcohol. 

Reactions. — 1.  In  all  ordinary  reactions,  allylic  alcohol 
behaves  like  ethylic  alcohol.  By  oxidation  it  gives  acrylic  acid : — 

rCMe"H     .     o     -     /CMe"H  . 
\CH,Ho    +    C),    -     jcOHo  + 

Allylic  Acrylic  Water, 

alcohol.  acid. 

2.  With  phosphoric  anhydride  it  yields  allylene — 
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Among  the  ethereal  salts  of  allylic  alcohol,  the  sulphide  and 
sulphocyanate  occur  in  nature  as  garlic  and  mustard  oils : — 

^  S"  '     .  ^  . 

I  ^-^2  1  CIV'" 

l^CMe"H  ^^^^ 

AUylie  Allylic 
sulphide.  sulphocyanate. 
(G-arlic  oil.)  (Mustard  oil.) 


CHAPTER  XXXII. 
MONAGIB  ALCOHOLS: 
Phenyl  or  Cfi^n-y  series. 

These  alcohols  may  be  divided  into  a  normal  and  a  secondary 
class.  The  members  of  the  first  class  possess  the  general 
character  of  the  normal  alcohols  of  the  ethyl  series,  while  those 
of  the  second  class  exhibit  slightly  acid  characters. 


Class  I.  Normal  Alcohols. 
General  formula  | 

Normal  pheny  lie  alcohol...  |  qjj^^'^^^- 
Benzoic  alcohol*  \  q^^'^"^'. 


© 


© 

-©-© 
© 


SECONDARY  ALCOHOLS,,  PHENYL  SERIES. 

Cumylic  alcohol  |  ciFho^^^* 

Sycocerylic  alcohol  |  qjj'^o^^^^^' 
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Class  II.  Secondary  Alcohols. 
General  formula  j  S^p'S'^^+^S^  . 

In  this  formula  m  may  =0,  but  n  must  be  a  positive  integer. 

Phenylic  alcohol.    Carbo-  J  CHg 
lie  acid*    {  C(C,H)HHo- 


Cresylic  alcohol  f 


r  CMeH, 

1  C(C,H)HHo- 


©® 


©-©  I  ©-d)-(^-©  ®-@-^-®-^ 


© 


©  © 
© 

.Co 


^  © 


1 0. 
^0/ 


© 

I 

I 

© 
(2) 


©  © 
I      :  I 

HS-r©-© 


(■f)-©-©-©-©-(^-d)-©-® 


©  ©  © 
© 
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Class  I.    NORMAL  ALCOHOLS. 
BENZOIC  ALCOHOL. 


{ 


C(C.H3)H, 
CH.Ho 


2 

Boils  at  204°. 

Preparation. — 1.  By  treating  oil  of  bitter  almonds  with  alco- 
holic potash : — 

2  J  C(C,H3)H,  ,  _    f  C(C,H3)H,        f  C(C,H3)H, 

Benzoic  aldehyde.           Potassic  Benzoic  alcohol.  Potassic 

(Oil  of  bitter               hydrate.  benzoate. 
almonds.) 

2.  Benzoic  alcohol  may  also  be  obtained  from  toluol  by  first 
converting  the  latter  into  toluylic  chloride  by  the  action  of 
chlorine — 

Toluol.  Toluylic  chloride.  Hydrochloric 

(Toluylic  hydride.)  acid. 

and  then  submitting  the  toluylic  chloride  to  the  action  of  po- 
tassic hydrate : — 

fC(C,H3)H,         ^     _     fC(C,H3)H,  g.„j 

Toluylic  Potassic  Benzoic  Potassic 

chloride.  hydrate.  alcohol.  chloride. 


Class  II.    8EC0NDABT  ALCOHOLS. 
PHENYLIC  ALCOHOL,  Carbolic  Acid,  Phenolic  Acid. 

{  cfc,H)HHo 

Molecular  weight  =94.  Molecular  volume  \~\~].  1  litre  of 
pTienylic  alcohol  vapour  weighs  47  criths.  Sp.  gr.  1*065  at 
18°.    Fuses  at  34°.    Boils  at  188°. 
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Occurrence. — In  coal-tar,  and  in  small  quantity  in  the  urine 
of  man,  of  the  cow,  and  of  the  horse. 

Preparation. — 1.  By  the  distillation  of  salicylic  acid  with 
baryta  or  lime : — 

f  C[C(C.H)H,]HHo  _  fCH, 

\COHo  -     tC(C,H)HHo  + 

Salicylic  Phenylie  Carbonic 

acid.  alcohol.  anhydride. 

2.  It  is  also  produced  in  the  destructive  distillation  of  nume- 
rous organic  substances. 

3.  Phenylie  alcohol  is  formed  when  the  vapour  of  ethylic 
alcohol  or  acetic  acid  is  passed  through  a  red-hot  tube.  In  this 
manner  phenylie  compounds  may  be  obtained  from  their  ele- 
ments ;  for  both  acetic  acid  and  alcohol  may  be  built  up  from 
purely  mineral  sources. 

4.  Phenylie  alcohol  is  formed  when  aniline  hydrochlorate  is 
treated  with  potassic  nitrite : — 

NPhH3Cl  +  NOKo  =  PhHo  +  KCl  +  OH,  +  JST,. 

Aniline  Potassic  Phenylie        Potassic  Water, 

hydrochlorate.  nitrite.  alcohol.  chloride. 

Beactions. — Treated  with  chlorine,  bromine,  or  nitric  acid, 
phenylie  alcohol  produces  a  series  of  substitution  products,  of 
which  the  following  are  examples : — 

{CHCl 
C(C  H)HIIo" 

(CP! 
C(CH)HHo* 

Perchlorphenylic  acid   {  C(c' CI) ClHo* 

Bromphenylic  acid   {cfdS)HHo- 

Nitrophenylic  acid  J  cJf^H) HHo^ 


Dinitrophenylic  acid  | 

\  C(0^xi)JtiHo* 
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Trinitrophenylic  acid.  {Ficric  j  C(N''0»)^ 
acid.)   ,   \C(C4H)HHo- 

Amidodinitrophenylic  acid.      j  C(N^02)2(N"'H2) 
(Pier amic  acid.)  \  C(C^H)IIIIo 


CRESYLIC  ALCOHOL. 

/  CMeHg 

I  C(C,H)HHo' 

Boils  at  204°. 

This  alcohol  is  very  little  known ;  it  is  isomeric  with  benzoic 
alcohol. 


CHAPTER  XXXIIT. 
DIACIB  ALCOHOLS  or  GLYCOLS. 
General  formula...  I  q'*^^'*^^. 
The  following  is  a  list  of  the  glycols  at  present  known : — 

Boiling-points. 

ai^eol^orEtl.ylic|,^H,0.or  {  gg^Ho  ,,,..5. 
Propylic  glycol...    C^HA  or  { g^^^™°  188°-189°. 
Butylic  glycol  ...    C.H, A  or  {  g^*™"  183°-184=. 

Amylic  glycol  ...    C,H,Aor  {  §h ,1?°  1"°- 

The  existence  of  normal,  secondary,  &c.  alcohols  of  this  sub- 
division has  not  yet  been  clearly  established ;  but  ethylic  glycol 
is  probably  a  normal  glycol,  whilst  propylic,  butylic,  and  amylic 
glycols  are  probably  secondary  glycols,  as  shown  in  the  above 
formulae. 
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Methylic  glycol  has  not  been  obtained  ;  and  although  a  sub- 
stance of  the  same  composition  might  exist,  yet  it  would  not 
be  strictly  homologous  with  the  ethylic  and  propylic  glycols,  as 
will  be  seen  from  the  following  graphic  representations : — 

©(«) 

0_(c)-0-0^  fCH.Ho 
©0 


CH.Ho- 


H  H 


Ethylic  glycol- 


©   ©  ® 

©-(b-dKb-C-l)  _  J  C(CH3)HHo 
©  ®  ©        ~  ^^^^^^ 


©  © 


Propylic  glycol. 


© 

©-(V®-© 

X  =  CH,Ho,. 

I 

® 

Methylic  glycol  ? 

In  the  ethylic  and  propylic  glycols,  the  two  atoms  of  hy- 
droxyl  are  united  with  different  carbon  atoms ;  in  the  methylic 
glycol  they  would  be  united  with  the  same  carbon  atom. 

It  will  be  observed  that  the  boiling-points  of  the  glycols 
differ  from  each  other  in  a  direction  inversely  to  that  previously 
noticed  in  the  case  of  the  normal  monacid  alcohols  :  the  more 
complex  substances  boil  at  a  lower  temperature  than  the 
simpler  ones. 
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GLYCOL.    ETHYLIC  GLYCOL,  miylenic  Alcohol 

j  CH^Ho 
1  CH,Ho- 

Molecular  weigJit  —  62.    Molecular  volume  \  \  I.    1  litre  of 
ethylic  glycol  vapour  weighs  31  criths.     Sp.  gr.  1'125. 
JBoils  at  197°'5. 

Preparation, — Ethylenic  dibromide  is  treated  with  argentic 
acetate,  and  thus  converted  into  ethylenic  diacetate : — 

|cH:Br  +  2CMeOAgo  =  |  ctf^-O-CMeO  ^  ^AgBr. 

Ethylenic      Argentic  acetate.  Ethylenic  diacetate.  Argentic 

dibromide.  (Diacetic  glycol.)  bromide. 

The  ethylenic  diacetate  is  now  acted  upon  by  potassic  hydrate, 
when  it  yields  potassic  acetate  and  glycol : — 

I  CH^O-CMeO   +   2KHo  =  |  ^jj^-^^  +  2CMeOKo. 

Ethylenic  diacetate.  Potassic  Glycol.  Potassic  acetate. 

hydrate. 

Reactions. — 1.  Grlycol  is  easily  oxidized,  the  first  product  of 
its  oxidation  being  gly collie  acid : — 

fCH,Ho     ,     o     -    1°^^^°    +  OH 
\CH,Ho    +    ^2    -    |cOHo    +  "^2- 

Glycol.  Glycollic  Water. 

acid. 

2.  By  further  oxidation  oxalic  acid  is  formed : — 

f  CH^Ho     ,     o  f  COHo     ,  „o„ 

Glycol.  Oxalic  Water. 

acid. 

3.  Oxalic  acid  is  also  produced  by  heating  glycol  and  po- 
tassic hydrate  together  to  250° : — 

jcH^Ho    +    ^^^^     =     jcOKo  + 

Glycol.  Potassic  Potassic 

hydrate.  oxalate. 
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4.  Treated  with  potassium  or  sodium,  the  hydrogen  of  the 
hydroxyl  in  glycol  is  replaced  in  two  successive  stages : — 


{ 


CH^Nao 
CH„Ho 


Monosodic  glycol. 


CH,Nao 
CH^Nao* 

Disodic  glycol. 


The  following  list  contains  some  of  the  principal  derivatives 
of  glycol : — 


J  CH^Ho 
t  CH,Ho- 

Glycol. 


{ 


CH^Ho 
CH.Cl  • 

Chlorhydric 
glycol. 


J  CH.Hs 
t  CH^Hs* 

Sulphur  glycol, 

f  CH,Ho 
t  CH,Br 

Bromhydric 
glycol. 


/  CH^Eto 
I  CH,Br 

Bromethylic 
glycol. 


f  CH^Eto 


1 


CH^Ho  • 

Hydric  ethylic 
glycol*. 


{ 


CH,Eto 
CH^Eto- 


Diethylic 
glycol. 


rCH,Br 
jCH, 
-<  O  or 
I  CO 
ICH3 

GlycoUic 
acetobromide. 


rCH,Br 

lCH,.0-€MeO* 


r 


rCH,Ho 
CH, 

CO 


Monaoeti 
glycol. 


or 


/  CH.Ho 

1  Cfl,-0-CMeO 


CH3 

CO 

o 

CH, 
CH, 

O 

CO 
CH. 


or 


fCH,-O.CMeO 
tCH,-0-CMeO* 


Diacetic  glycol. 
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^CH3 

CO 

O 

i  ch:  - 

o 

CO 

vC(C,H,)H, 


CH,-0-CMeO 
CH -0-CPrO  * 


Acetobutyric  glycol. 


rCH^Ho 

o 

CH.Ho 


Triethylenic  glycol 


POLYETHYLENIC  GLYCOLS. 

FolyetJiylenic  Alcohols. 
These  bodies  are  produced  by  heating  etbylenic  oxide  with 
glycol  in  sealed  tubes,  and  by  other  processes.    They  may  be 
regarded  as  formed  by  the  addition  of  ethylenic  oxide  to 
glycol. 

^CH^Ho 
I  CH, 

Diethylenic  glycol  ...<(  CH^  or 

[^CH^Ho 

fCH.Ho 
CH, 
CH, 
^  O  or 

CH,  1  O 

1  O  t^CH,Ho 
l^CH,Ho 

CH,Ho 
CH, 
CH, 
O 

CH, 

Tetrethylenic  glycol  ^  CH,       or  ^ 

O 

CH, 
CH, 
O 

^CH,Ho 

Pentethylenic  and  hexethylenic  glycols  have  also  been 
formed. 


< 


rCH,Ho 
O 

C.H, 


^CH,Ho 
C  H 

O 

C2H4 
O 

CH. 


O 

^CH,Ho 
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TRIACID  ALCOHOLS. 


These  alcohols  contain  three  atoms  of  hydroxyl  united  with 
three  separate  atoms  of  carbon ;  consequently  the  lowest  term 
contains  three  atoms  of  carbon. 

Only  two  of  these  alcohols  have  been  obtained : — 


H  )    (HI    {  H 


Grlycerin 


rCH^Ho 
CHHo. 
CH.Ho 


©-©-(c)-©-© 

©  ©  © 


Amylglycerin 


rCH,Ho 
CEtHo. 
CH,Ho 


©  ©  ® 
® 

©-©-©  . 

(K)    ©-©-0  (H) 
©-©  ©  ©-© 

I  I  ' 

©  © 


The  constitution  of  amylglycerin  is  not  at  present  established. 
Its  formula  may  possibly  be 

rCEtHHo 
^CHHo  . 
[  CH^Ho 

The  action  of  oxidizing  agents  on  amylglycerin  will  pro- 
bably throw  light  upon  its  internal  structure. 


N  2 
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GLYCERIN. 

CH^Ho 
CHHo  . 
CH^Ho 

Sources. — Most  animal  and  vegetable  fats  consist  of  mixtures 
of  the  glycerin  ethereal  salts  of  the  fatty  and  of  the  oleic  series 
of  acids.  Grlycerin  is  liberated  from  these  by  water  at  high 
temperatures,  or  by  bases  giving  salts  insoluble  in  water : — 


rCH,.0-C(C,,H3,)0 

CH  -0-C(C,,HJO+3OH,= 
iCH,-0-C(C,,H3,)0 

Stearin.  Water.  Q-lycerin.  Stearic  acid 


CH.Ho 


Melation  of  Glycerin  to  Isopropylic  Alcohol, 

By  the  action  of  hydriodic  acid,  glycerin  is  converted  into 
isopropylic  iodide : — 

fCH.Ho  rCHg 

^CHHo     +    SHI    =     ^CHI    +    21,    +  30H^. 
[CH^Ho  tCH3 

Glycerin.  Hydriodic  Isopropylic  Water, 

acid.  iodide. 


Belation  of  Glycerin  to  Allylic  Alcohol. 
When  diphosphorous  tetriodide  is  brought  into  contact 
with  glycerin,  an  energetic  reaction  ensues,  allylic  iodide  being 
formed : — 

rCHKo  "{CH, 
'P"L  +  2^  CHHo     =    2    CH    +  2POHH03  +  I^- 
ICH,Ho  iCHJ 

Diphosphorous  Glycerin.  Allylic  Phosphorous 

tetriodide.  iodide.  acid. 

Belations  of  Glycerin  to  Propylic  Glycol. 

The  several  atoms  of  hydroxyl  in  glycerin  are  capable  of 
being  substituted  by  chlorine,  bromine,  &c. ;  thus,  by  the  action 
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of  hydrochloric  acid  on  glycerin,  one  atom  of  hydroxyl  is  dis- 
placed by  chlorine,  monochlorhydrin  being  formed : — 

^CHKo  rCHCl 


CHHo     +    HCl    =     ^CHHo     +  OH^. 
CH^Ho  [CH^Ho 

Glycerin.         Hydrochloric  Monochlor-  Water, 

acid.  hydrin. 

Monochlorhydrin  is  identical  with  monochlorinated  propylic 
glycol : — 

[  CH^Ho  I 

Monochlorhydrin.  Monochlorinated 

propylic  glycol. 

By  the  action  of  sodium  amalgam  and  water,  monochlorinated 
propylic  glycol  is  readily  converted  into  propylic  glycol : — 
fC(CH,Cl)HHo     ,     H    -    /C(CH3)HHo  „„, 

Monochlorinated  Propylic  Hydrochloric 

propylic  glycol.  glycol.  acid. 

delations  of  Glycerin  to  the  TriJiydric  Acids — Glyceric  Acid, 

and  Tartronic  Acid. 

By  the  slow  action  of  nitric  acid,  glycerin  is  converted  into 
glyceric  acid : — 


rCH^Ho 
CHHo     -f    0,  = 
CH^Ho 


r  CH^Ho 
CHHo     +  OH,. 
COHo 


Glycerin.  Glyceric  Water. 

acid. 

A  second  atom  of  oxatyl  has  not  been  produced  in  glycerin, 
so  as  to  convert  the  latter  into  a  dibasic  acid  ;  but  there  can  be 
little  doubt  that  tartronic  acid,  which  is  formed  by  the  spon- 
taneous decomposition  of  nitrotartaric  acid,  is  the  acid  in 
question,  and  that  it  has  the  following  constitution  : — 

rCOHo 
CHHo. 
COHo 

Tartronic  acid. 
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delations  of  Glycerin  to  Acrylic  Acid. 

By  the  action  of  substances  having  an  attraction  for  water, 
such  as  phosphoric  anhydride  or  sulphuric  acid,  glycerin  is 
converted  into  acrolein : — 

^^-^^  fCMe"H 


Grlycerin.  Water.    '  Acrolein. 


By  the  absorption  of  oxygen,  acrolein  is  transformed  into 
acrylic  acid : — 

rCMe"H  ,  r»  _  rCMe"H 
\COH       +    ^    -     jcOHo  • 

Acroliein.  Acrylic  acid. 

Both  these  reactions  are  accomplished  simultaneously  when 
glycerin  is  added  to  fused  potassic  hydrate : — 

CHHo  +  KHo  =  rrvK-n  +  H>  +  20H,. 
CH^Ho  IGOKo 

Glycerin.  Potassic  Potassic  Water, 

hydrate.  acrylate. 


othjeh  folyacid  alcorols.  ; 

Tlrythrite  {JErytliroglucin,  Erythromannite,  Phycite,  Pseudor- 
cin)  is  a  tetracid  alcohol,  and  the  acid  corresponding  to  it  is 
tartaric  acid.  Citric  acid  may  also  be  considered  to  be  derived 
from  an  unknown  alcohol  of  this  series.  A  glance  at  the  for- 
mulae of  these  alcohols  and  acids  will  show  their  relations  : — 


CH„Ho 
CHHo 
CHHo  • 
CH^Ho 

Erythrite. 


rcoHo 

I  CHHo 
CHHo' 
COHo 

Tartaric  acid. 


CHHo(CH^Ho) 
CH(CH,Ho)  . 
CH/CH,Ho) 

Tetracid  alcohol 
(unknown). 


r  CHHo(COHo) 
\  CH(COHo)  . 
[CH,(COHo) 


Citric  acid. 
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"When  reduced  by  hydriodic  acid,  erythrite  yields  butylie 
iodide : — 


CHHo 
CHHo 
CH^Ho 

Erythrite. 


+    7HI    =    40H,  + 


rcH, 

CH 
OH 


^  +  3L 


Hydriodic 
acid. 


Water. 


CHJ 

Butylie 
iodide. 


No  pentacid  alcohol  is  known ;  but  two  acids  corresponding 
to  compounds  of  this  class  have  been  obtained ;  they  are  apo- 
sorbic  acid  and  desoxalic  acid  : — 


^CH^Ho 
GHHo 
^  CHHo. 
I  CHHo 
t^CH^Ho 

Pentacid  alcohol 
(unknown). 


rcoHo 

CHHo 
^  CHHo. 
I  CHHo 
^COHo 

Aposorbic 
acid. 


^COHo 
CHHo 


CH^Ho 
CHHo 

CHo(CH,Ho).  1  CHo(COHo). 

COHo 


CH^Ho 


Unknown 
alcohol. 


Desoxalic 
acid. 


,Mannite  is  a  hexacid  alcohol.  There  are  two  isomeric  acids 
corresponding  to  this  alcohol :  these  are  saccharic  and  mucic 
acids : — 

^CH^Ho  rCOHo 
CHHo  I  CHHo 

CHHo  '     J  CHHo 

CHHo  •  "^1  CHHo" 

CHHo  I  CHHo 

t^COHo 

Saccharic 


•< 


CH^Ho 

Mannite. 


or  mucic  acid. 


Mannite  is  closely  related  to  glucose,  the  latter  containing 
two  atoms  of  hydrogen  less  than  the  former.  Glucose  can,  in 
fact,  be  converted  into  mannite  by  the  action  of  nascent  hy- 
drogen : — 


rCH^Ho 
ICHHo 
,;:CHo 
iCHo 
iCHHo 
l-CH^Ho 

Glucose, 


+ 


fCH^Ho 
I  CHHo 
•j  CHHo 
^  CHHo  • 
CHHo 
CH^Ho 

Mannite. 
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CHAPTER  XXXV. 

THE  ETHERS. 

These  compounds  are  the  oxides  of  tlie  basylous  or  positive 
radicals. 


Each  series  of  basylous  radicals  produces  a  series  of  ethers ; 
we  have  thus  ethers  of  the  monacid,  diacid,  and  triacid  alcohols, 
of  which  the  following  are  the  general  formulae : — 


Methyl 

Vinyl 

Phenyl 

series. 

series. 

series. 

Ethers  of  the  monacid  alcohols  •> 

0 

0 

0  . 

[  C„B[2n-l 

Ethers  of  the  diacid  alcohols 


Ethers  of  the  triacid  alcohols 


C„H2„  -O-Hgw  C„ 
C„H2„_i-0-H2„_iC„ 

C„H2„   -O-Hgn  C 


ETHEBS  OF  THE  MOJSfACID  ALCOHOLS. 

These  bodies  are  derived  from  the  alcohols  by  the  substi- 
tution of  the  hydrogen  of  the  hydroxy!  contained  in  the  latter 
by  a  positive  monad  radical. 

METHYL  SEBIES. 
The  following  list  contains  some  of  the  ethers  of  this  series : — 


rcH3 

Methylic  ether   ■<  O 

LCH3 

rcH3  rcH3 

Methylic  ethylic ether    O  or     ■<  O 

LCMeH^ 

fCHg  rCMeH^ 
Ethylic  ether  O  or 

[CMeH, 


Boiling- 
points. 

or  OMe^  -21°. 
or    OMeEt  +11". 


rcH3 

Methylicamylic  ether  <  O 


LCBuH^ 


or 


or  OEto 


or  OMeAy 


34°. 
92°. 
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Ethylic  butylic  ether.  <  O 
Ethylic  amylic  ether.  <  O 
Butylic  ether  -l  O 


Amylic  ether 


or 


or 


or 


or 


r  CMeH, 

[  CPrH^ 
r  CMeH„ 

fCPrH, 

[CPrH, 
rCBuH. 

[  CBuH^ 


or  OEtBu 


Boiling- 
points. 

80°?. 


or    OEtAy  112^ 


or 


or 


OBu, 


OAy, 


104°. 


176°. 


Formation. — 1.  By  the  action  of  sulphuric  acid  upon  the 
C^Hs^^iHo  alcohols.  The  process  may  be  divided  into  the  two 
following  stages : — 

Ho    +    SO,Ho,    =    SO,Ho(C,H2,+iO)    +  OH,. 

Sulpho-acid. 


Alcohol. 


Sulphuric 
acid. 


Water. 


SO,Ho(C,H,,+iO)  +  CA„+iHo  = 

Sulpho-acid.  "Alcohol. 


+  SO,Ho, 


Sulphuric 
acid. 


2.  By  converting  the  C,JS.2n+Jio  alcohols  into  sodium  or 
potassium  compounds,  and  then  acting  upon  the  latter  with 
the  iodides  of  the  monad  alcohol  radicals: — 


2C„H2„+iHo 


Alcohol. 


C„H2„+iNao 


Sodic  alcohol. 


+ 


+ 


Na,  = 


Iodide. 


+ 


Hg. 


+  Nal. 


Sodic  iodide. 


Reaction. — The  ethers  can  be  reconverted  into  the  corre- 
sponding alcohols  by  treating  them  with  sulphuric  acid,  and  then 
distilling  with  water  the  sulpho-acid  so  produced : — 

f  C„H2„-i_i 
O 


1 


C'„H2rt-|-l 


+ 


2SO,Ho,  = 


2SO,Ho(C.H2,+iO)  -f 


Ether.  Sulphuric  acid.  Sulpho-acid 

SO,Ho(C,H2„+iO)  +    OH,    =  SO.Ho 


OH,. 


Water. 


Sulpho-acid. 


2      +  QtTT2«+iHo. 
Water.  Sulphuric  acid.  Alcohol. 
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METHYLIC  ETHER,  Methylic  Oxide. 
CH3 

O      or  OMe^. 
CH3 

Molecular  weight  =46.     Molecular  volume  \  \  \.    1  litre  of 
methylic  ether  vapour  weighs  23  criths.    Boils  at  — 21°. 

Preparation. — By  heating  methylic  alcohol  with  sulphuric 
acid  or  boracic  anhydride  : — 


CH3H0    +    SO^Ho,    =    SO,Ho(CH30)    +  OH 

Methylic  Sulphuric  Sulphomethylic  Water, 

alcohol.  acid.  acid. 


2  ' 


SO,Ho(CH30)    +    CH3H0   =    <  O  +  SO,Ho,. 

ICH3 

Sulphomethylic  Methylic  Methylic  Sulphuric 

acid.  alcohol.  ether.  acid. 

Reaction. — Methylic  ether  is  acted  upon  by  chlorine  under 
the  influence  of  light,  the  hydrogen  being  displaced  atom  for 
atom  by  chlorine.    The  following  compounds  are  formed : — 

CH^Cl  rCHCl, 

O  ;  ; 

CH^Cl        [  CHCl, 


ETHYLIC  ETHER,  Mhylic  Oxide,  Ether,  Sulphuric  Ether. 

fCMeH, 

-  O  or  OEt,. 

CMeH, 

Molecular  weight  =74.  Molecular  volume  \  I  I.  1  litre  of 
ether  vapour  weighs  37  criths.  Sp.  gr.  =0"723.  Fuses  at 
—81°.    Boils  at  35°-6. 

Preparation. — A  mixture  of  equal  volumes  of  sulphuric  acid 
and  alcohol  is  heated  to  a  temperature  of  from  140°  to  145°,  and 
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a  constant  stream  of  alcohol  is  allowed  to  flow  into  the  mixture. 
Ether  and  water  distil  over  together.  Two  reactions  take  place 
successively ;  in  the  first  the  alcohol  is  converted  into  sulpho- 
vinic acid,  and  in  the  second  the  sulphovinic  acid  is  converted  by 
a  further  quantity  of  alcohol  into  sulphuric  acid  and  ether : — 

EtHo       +    SO^Ho,    =    SO^EtoHo    +  OH,. 

Alcohol.  Sulphuric  acid.  Sulphovinic  acid.  Water. 

SO.EtoHo    +     EtHo     =        OEt,       +  SO.Ho,. 

Sulphovinic  acid.  Alcohol.  Ether.  Sulphuric  acid. 

In  this  manner  the  same  quantity  of  sulphuric  acid  can 
convert  an  unlimited  quantity  of  alcohol  into  ether. 

The  formation  of  ether  is  not  due  to  the  simple  removal  of 
water  from  two  molecules  of  alcohol  by  sulphuric  acid.  This 
is  proved,  first,  by  the  sulphuric  acid  not  becoming  more 
dilute,  and,  secondly,  by  the  fact  that  if  sulphamylic  acid  be 
acted  upon  by  ethylic  alcohol,  the  mixed  ethylic  amylic  ether  is 
formed : — 

SO.AyoHo    +    EtHo    =    SO.Ho,    +  OAyEt. 

Sulphamylic  acid.  Ethylic  Sulphuric  Ethylic  amylic 

alcohol.  acid.  ether. 

Reactions. — 1.  Ethylic  ether,  when  mixed  with  an  equal 
volume  of  sulphuric  acid,  produces  sulphovinic  acid : — 

OEt^    +    2SO,Ho,    =    2SO,EtoHo    -f  OH,. 

Ethylic  ether.         Sulphuric  acid.  Sulphovinic  acid.  Water. 

2.  Hot  nitric  acid  converts  ethylic  ether  into  carbonic,  acetic, 
and  oxalic  acids. 

3.  Exposed  to  the  air,  it  gradually  absorbs  oxygen  and  is 
transformed  into  acetic  acid  :— 


CH 
CH 


3 


fCH. 


Ethylic  ether.  Acetic  acid.  Water. 
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ETHYLIC  SULPHIDE,  Sulphur  Ether. 

{ CMeH^ 
S  or  SEt,. 

CMeH, 

Molecular  weight  =90.    Molecular  volume  \  \  \.    1  litre  of 
ethylic  sulphide  vapour  iveighs  45  criths.    Boils  at  73°. 

Preparation. — By  adding  ethylic  chloride  to  potassic  sul- 
phide, and  distilling : — 


2CMeH,Cl    -f-    SK,    =  ^ 


CMeH, 

S  +  2KC1. 

CMeH, 

Ethylic  chloride.  Potassic  Ethylic  sulphide.  Potassic 

sulphide.  chloride. 

Beaction. — Ethylic  sulphide  combines  directly  with  ethylic 
iodide,  forming 

Sulphurous  triethylo-iodide    SEtgl. 

By  the  action  of  argentic  oxide  on  this  iodide,  the  corre- 
sponding hydrate  may  be  formed : — 

SEt3l    +    AgHo    =    SEt3Ho    +  Agl. 

Sulphurous  Argentic  Sulphurous  Argentic 

triethylo-  hydrate.  triethylo-  iodide, 

iodide.  hydrate. 

ETHEBS  OF  THE  VINTL  AND  PHENYL  SERIES. 


O  , 
C3H, 


Of  the  ethers  of  the  vinyl  series,  allylic  ether, 
alone  is  known. 

In  the  phenyl  series,  phenylic  ether,  <  0     ,  and  toluylic 

OA  ^  '^A 

ether,  -J  0     ,  have  been  obtained. 


ETHERS  OF  THE  DIACID  ALCOHOLS, 

Of  these  the  three  following  are  known,  but  the  first  only 
bas  been  carefully  studied: — 
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Boiling-points. 

Ethylenic  oxide,  C.H^O   13°-5. 

Propylenic  oxide,  CgllgO   35°  0. 

Amylenic  oxide,   CJl^fi    95°. 


ETHYLENIC  OXIDE,  mhylenic  JEtJier. 

^AO    =  {^1^0. 

Molecular  weight  =44.    Molecular  volume  I  I  I.    1  litre  of 
ethylenic  oxide  vapour  weighs  22  criths.    JSoils  at  13°'5. 

l^reparation. — Ethylenic  oxide  is  obtained  from  glycol  by  con- 
verting the  latter,  first  into  ethylenic  chlorhy drat e,  or chlorhydric 
glycol,  by  the  action  of  hydrochloric  acid,  and  subsequently 
treating  the  compound  thus  formed  with  potassic  hydrate : — 

f  CH3H0         ,         TTp,         _        f  CH,HO         ,         QTT  . 

icH^Ho    +  =    icH,Cl    +  = 

Grlycol.  Hydrochlo-  Ethylenic  Water, 

ric  acid.  chlorhydrate. 

{rajr    +    KHo    =    {g|0     +    OH,    +  KCl. 

Ethylenic  Potassic  Ethylenic  Water.  Potassic 

chlorhydrate.  hydrate.  oxide.  chloride. 

Isomers. — Ethylenic  oxide  is  isomeric  with  vinylic  alcohol 
and  acetic  aldehyde.  The  nature  of  this  isomerism  is  seen  in 
the  following  formulae : — 
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Beactions. — 1.  Ethylenic  oxide  unites  with  nascent  hydrogen, 
forming  alcohol : — 

Ethylenic  Alcoliol. 
oxide. 

2.  It  also  unites  with  oxygen,  forming  glycoUic  acid: — 
jCH^^    +  jcOHo- 

Ethylenic  GlycoUic 
oxide.  acid. 

3.  It  is  a  basic  substance,  and  unites  directly  with  acids : — 
QjjO    +    HCl    »  Ict^^Ho- 

Ethylenic  Hydro-  Ethylenic 

oxide.  chloric  chlorhydrate 

acid-  or  chlorhydric 

glycol. 

4.  Ethylenic  oxide  precipitates  many  oxides  from  solutions 
of  their  salts,  such  as  ferric  oxide,  aluminic  oxide,  cupric  oxide, 
magnesic  oxide,  &c. :— 

g|=0  +  MgCl  +  20H,  =  2  { '^^^  +  MgHo,. 

2  V,  2 

Ethylenic         Magnesic  Water.  Ethylenic  Magnesic 

oxide.  chloride.  chlorhydrate.  hydrate. 

5.  It  also  combines  directly  with  water,  reproducing  gly- 
col : — 

C'H.n  ,  OTT  fCH,Ho 
C^P    +    OH,    =  jcH^jjo- 

Ethylenic  Water.  G-lycol. 

oxide. 

These  reactions  exhibit  a  great  difference  between  the  beha- 
viour of  ethylenic  ether  and  that  of  ethylic  ether.  This  difference 
arises  from  the  fact  that  in  ethylic  ether  the  ethyl  atoms  are  held 
together  by  the  oxygen  only,  whereas  in  ethylenic  ether  the  link- 
ing of  the  atoms  of  CH^  does  not  depend  on  the  oxygen  atom 
alone,  as  will  be  seen  from  the  following  formulae : — 
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HI    (  H 


HI    {  H 


Ethylic  ether   ®"©~©~®~©~"C^)~® 

•    ®  ©        (2)  ® 


rc  H 

0  . 

.OA 


H 


CH 
CH 


Ethylenic  ether...         ®~© — ©"©  ~ 

I  I 

On  account  of  this  peculiarity  of  constitution,  ethylenic  oxide 
can  combine  directly  with  many  substances  without  the  dis- 
ruption of  its  molecule, — a  property  which  obviously  cannot 
be  possessed  by  ethylic  ether. 


ETHEBS  OF  TRIE  TBIAGID  ALCOHOLS, 
Of  these  only  one  is  known,  viz. : — 

GLYCYLIC  ETHER,  Gfyci/Uc  Oxide. 

H)  (  H 


©-©-©-©-® 

X  I  fCH,-0-KCl 

(h)-(c)-@-(c)-@  =  J  CH -0-H C  [ . 

X      A  ^  ch,-0-h,c  J 

6  © 

Brejparation. — By  the  action  of  potassic  hydrate  on  so-called 
iodhydrin : — 

I  CH, 

<;  0         +  KHo  =  KI  +  OH,  +  -I  CH"-0-H'C 
|CH, 
I  CHI 
l,CH,Ho 


CH,-0-H,C 


Iodhydrin.       Potassic      Potassic  Water, 
hydrate.  iodide. 


Glycylic  ether. 
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CHAPTER  XXXVI. 

THE  HALOID  ETHEES. 

Each  series  of  radicals  forms  its  own  series  of  haloid  ethers. 

Tliese  ethers  are  produced  by  the  substitution  of  hydroxyl  in 
the  alcohols  by  chlorine,  bromine,  iodine,  fluorine,  or  cyanogen. 


Haloid  Ethers  of  the  Monad  Positive  Badicals. 

As  these  radicals  can  only  unite  with  one  atom  of  hydroxyl, 
they  can  only  form  one  haloid  ether.  Each  series  of  radicals 
therefore  forms  one  series  of  haloid  ethers  : — 

I.  Haloid  ethers  of  the  form  C^Hg^+iCl. 

II.  5,  J,  „  jj  CwH2rt_iCl. 

III.  5,  5j  5)  jj  C,tH2„_7Cl. 

The  following  will  serve  as  examples  of  the  three  series : — 

(h)  (5)  (5) 

Propylic  iodide...        CgHJ  T  Y  I 

C(aK)HJ. 


© 


H  )    {  H 


Allylic  iodide    ...  C3H3I 

or 


©-0-0-0-0 
C(c,Hj"Hi.  AAA 

®  ©  © 


Phenylic  iodide...        0^1  /c^^     ^  ^ 


or 


©-©  T  0-0-0-0 


/ 


©  © 


HALOID  ETHERS  OF  DYAD  AND  TRIAD  RADICALS.  281 


Haloid  Mhers  of  the  Dyad  Fosifive  Badicals. 

As  the  diacid  alcohols  contain  two  atoms  of  hydroxyl,  it 
follows  that  there  are  two  classes  of  haloid  ethers  derivable 
from  them.  The  first  is  formed  by  the  substitution  of  one  of 
the  hydroxyl  atoms  by  chlorine,  bromine,  &c.,  and  the  second 
by  the  like  displacement  of  both  atoms  of  hydroxyl : — 

I.  Haloid  ethers  of  the  form  C^Hg^^HoCl. 

II.         „  »  5?  »  C^HgnCl^. 

The  following  examples  will  sufilce  to  illustrate  the  consti- 
tution of  both  these  classes  of  haloid  ethers  : — 

Chlorhydric  glycol  or  ethy-  (h)  (h) 

lenic  chlorhydrate    C„II,HoCl    ^         A  ^ 

or  ©-©-0-© 

fCH^Ho  rS) 

IcHor  Y 

© 

Bthylenic  dichloride    C,H,C1,  ©  © 


or 

J  CH^Cl 

1  CH,cr       @  © 


Haloid  JEthers  of  tJie  Triad  Positive  Radicals. 

There  are  three  classes  of  haloid  ethers  which  are  derived  from 
the  triacid  alcohols,  by  the  successive  substitution  of  the  three 
atoms  of  hydroxyl  contained  in  these  alcohols  by  chlorine,  bro- 
mine, &c., — and  a  fourth  class,  which  stands  intermediately 
between  the  ethers  and  the  haloid  ethers,  and  which  is  formed  by 
the  substitution  of  one  of  the  atoms  of  hydroxyl  in  the  alcohol 
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by  a  monad  negative  radical,  such  as  chlorine,  bromine,  or 
cyanogen,  and  the  remaining  two  atoms  of  hydroxyl  by  the  dyad 
atom  of  oxygen; — 

I.  Haloid  ethers  of  the  form  CJH2„_iHo2Cl. 

II.  „  „  „  C^Il2„_iHoCl2. 

III.  „  ,,  C,iH2„_iCl3. 

TV.      „  „  „  C^HgH-iOCl. 

The  following  are  examples  of  each  of  these  classes : — 

®  ©0 


Chlorhydrin. 


r  GH.Ho 
CHCl 
CH,Ho 


rcH^ci 

Dichlorhydrin...  \  GHHo. 

[  CH.Cl 


®-©-(i)-©-0 

®®(^ 
® 

®  0© 


Cl      (  O  )  (CI 


r  CH.ci 

Trichlorhydrin.  .  \  CHCl . 

[  CH,C1 


Hydrochloric      r  CH^Cl 
glycide  or  epi-  ■<  CH  q  , 
chlorhydrin  .  .  I 


H  )    (  H  )    (  H 


(©— ©)— ©)— (© 

©  (cT)  © 
©  ©  © 
©_(J)_(^)__(^)_© 

©  l©^ 


HALOID  ETHEBS  OF  THE  MONAD  POSITIVE 

BADICALS. 

Preparation. — These  ethers  are  produced  by  the  following 
general  reactions : — 
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1.  By  the  action  of  the  hydracids  upon  the  alcohols: — 
C.H2.+1H0    +    HCl    =    C„H2.+iCl    -f  OH,. 

Alcohol.  Hydrochloric         Haloid  ether.  Water, 

acid. 

2.  By  the  action  of  phosphorous  trichloride  on  the  alcohols  : — - 
3C,H2„^iHo    +    PCI3    =    3aH,„+iCl    +  POHHo,- 

Alcohol.  Phosphorous  Haloid  ether.  Phosphorous 

trichloride.  acid. 

3.  By  the  action  of  chlorine  on  the  hydrides  of  the  radi- 
cals : — 

C„H2„+iH    -f    CI2    =    CjjHon+iCl    +  HCl. 

Hydride.  Haloid  ether.  Hydrochloric 

acid. 

It  is  obvious  that  in  these  reactions  bromine  and  iodine  may 
be  used  instead  of  chlorine. 

These  reactions  apply  equally  to  the  C,Jl2n-i  and  CJ3.2n-7 
series. 

Tor  the  preparation  of  the  cyanides  of  the  radicals,  two 
special  reactions  are  employed. 

1.  The  distillation  in  the  dry  state  of  a  mixture  of  the  po- 
tassic sulphate  of  the  radical  with  potassic  cyanide : — 

SO,Ko(aH2,.+iO)    +    KCy    =    SO.Ko,    +  Q^H^.+iCy. 

Potassic  sulphate  of  Potassic  Potassic  Cyanide, 

the  radical.  cyanide.  sulphate. 

2.  The  fatty  acids  are  converted  into  ammonium  salts  and 
distilled  with  phosphoric  anhydride,  when  the  cyanides  of  the 
positive  radicals  which  they  contain  are  produced  : — 

JC,H2„+i  .     9PO     -     JC„H2„+i     ,  4PO2H0. 

tCO(N'H,0)  -     \OW"  + 

Ammonium  .  Phosphoric  Cyanide.  Metaphosphorie 

salt.  anhydride.  acid. 

Reactions. — 1.  Treated  with  alcoholic  solution  of  potash,  all 
the  haloid  ethers  of  the  C^Hg^^i  series,  except  the  cyanides,  are 
reconverted  into  alcohols  : — 

CnS2n+iCl    +    KHo    =    C„H2„+iHo    +  KCl. 

Haloid  ether.  Potassic  Alcohol.  Potassic 

hydrate.  chloride. 
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2.  The  cyanides  under  similar  circumstances  are  converted 
into  potassic  salts  of  the  acids  which  contain  the  positive  radi- 
cal of  the  cyanide : — 

{ +    KHo    +    OH,    =  { g»H£+.  +  NH3. 

Cyanide.  Potassic  Water.  Potassic  Ammonia, 

hydrate.  salt. 

3.  "When  the  iodides  are  digested  with  zinc  or  magnesium, 
the  radicals  are  either  liberated  or  unite  with  the  metal : — 


2C,H2„+I    +    2Zn    =    Zn(C,H2„+i),    +  Znl 

Iodide.  Organo-zinc  Zincic 

compound.  iodide. 


2> 


or 


2C„H^+,I    +    Zn    =    {c"£+;  + 


Iodide.  Free  Zincic 

radical.  iodide. 

4.  "When  the  iodides  are  submitted  to  the  action  of  sodic 
ethylate,  a  mixed  ether  (or  a  simple  ether  if  n=2)  is  formed : — 

C,H,lSrao    +    CA„+J    =  -f  Nal 

Sodic  Iodide, 
ethylate. 

5.  The  haloid  ethers  are  the  representatives  of  the  hydracids 
of  mineral  chemistry,  and  unite  directly  with  ammonia,  pro- 
ducing salts  which,  when  treated  with  potassic  hydrate,  yield 
compound  ammonias  containing  the  basylous  radical  of  the 
haloid  ether  in  the  place  of  one  atom  of  hydrogen : — 

NH3    -f    EtI    =  NHgEtl. 

Ammonia.  Ethylic  Ethylammonic 

iodide.  iodide. 

NH3EtI    +    KHo    =    NEtH,    -f    KI    -f  OH,. 

Ethylammonic  Potassic  Ethylamine.  Potassic  Water, 

iodide.  hydrate.  iodide. 


CHLOROFORM. 
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METHYLIC  CHLORIDE. 

CH3CI  or  MeCl. 
Molecular  weigTit  =50*5.    Molecular  volume  I  I  I.    1  litre  of 
methylic  chloride  vapour  weighs  25"25  criths.  Boils  at  —21°. 

Preparation, — By  heating  together  sodic  chloride,  methylic 
alcohol,  and  sulphuric  acid  : — 

SO.Ho,    +    MeHo    =    SO^MeoHo    +  OH,. 

Sulphuric  Methylic  Sulphomethylic  Water, 

acid.  alcohol.  acid. 

SO.MeoHo    +    NaCl    =    MeCl    +  SO^HoNao. 

Sulphomethylic  Sodic  Methylic  Hydric  sodic 

acid.  chloride.  chloride.  sulphate. 

Reaction. — By  the  action  of  chlorine,  methylic  chloride  pro- 
duces three  substitution  derivatives :  — 

Boiling- 
points. 

Monochlorinated  methylic  chloride,  OB.J^^.  31° 
Dichlorinated  „  „       CHCI3.  60°'8 

Trichlorinated  „  „       CC\.  78' 


30 


CHLOROFORM,  Dichlorinated  Methylic  Chloride. 

CHCI3. 

Molecular  weight  ==119"5.  Molecular  volume  fTl'  1  litre  of 
chloroform  vapour  weighs  59*75  criths.  Sp.gr.  1'48.  JBoils 
at  60°-8. 

Preparation. — This  compound  is  manufactured  in  large 
quantities  by  heating  alcohol  with  a  solution  of  calcic  chloro- 
hypochlorite  (chloride  of  lime).  It  may  also  be  made  by  treat- 
ing methylic  alcohol  in  the  same  manner.  For  the  reaction 
see  p.  250. 

Meactions. — 1.  Chloroform  is  transformed  into  potassic  for- 
mate by  boiling  with  alcoholic  potash : — 

CHCI3    4-    4KHo    =  CHOKo    +    3KC1    +  20H,. 

Chloroform.  Potassic  Potassic  Potassic  Water, 

hydrate.  formate.  chloride. 
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2.  When  acted  upon  by  chlorine  in  the  presence  of  sunlight, 
the  hydrogen  is  displaced  by  chlorine,  and  carbonic  tetrachlo- 
ride (CCIJ  formed. 

ETHYLIC  CHLORIDE. 

C,H,C1  or  EtCl. 

Molecular  weight  =64*5.    Molecular  volume  I  I  I.    1  litre  of 
etJiylic  chloride  vapour  weighs  32*25  criths.    Sjp.  gr.  0*874. 
Boils  at  11°'5. 

Preparation. — Ethylic  alcohol  is  saturated  with  hydrochloric 
acid,  and  digested  in  sealed  tubes  at  100°  for  one  or  two  hours, 
when  the  mixture  separates  into  two  layers,  the  upper  one 
being  the  ethylic  chloride : — 

EtHo    +    HCl    =    EtCl    +  OH,. 

Alcohol.         Hydrochloric        Ethylic  Water, 
acid.  chloride. 


ETHYLIC  IODIDE. 

C^H^IorEtl. 

Molecular  weight  =156.    Molecular  volume  I  I  1.    1  litre  of 
ethylic  iodide  vapour  weighs  78  criths.    8p.  gr.  1"9464. 
Boils  at  72°-2. 

Prepa/ration. — By  placing  in  a  retort  two  parts  by  weight  of 
alcohol  and  one  of  amorphous  phosphorus,  and  then  introducing 
five  parts  of  iodine  and  distilling  in  a  water-bath : — 

3C,H,Ho    +    P    +         =    3C,HJ    -f  POHHo,. 

Alcohol.  Ethylic  Phosphorous 

iodide.  acid. 
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Reaction, — Ethylic  iodide,  when  heated  with  water  in  a 
sealed  tube,  produces  ether  and  hydriodic  acid : — 

2aH,I    +    OH,    =    O        +  2HI. 

Ethylic  Water.  Ether.  Hydriodic 

iodide.  acid. 

The  methylic  and  amylic  iodides  are  similar  liquids,  and  ob- 
tained by  analogous  processes ;  the  methylic  iodide,  CH3I,  has 
a  sp.  gr.  2*237,  and  boils  at  42°  C.  Amylic  iodide,  CgH^iI,  has 
a  sp.  gr.  1-511,  and  boils  at  146°. 

The  haloid  compounds  of  the  allylic  and  phenylic  series  are 
of  comparatively  little  importance. 


HALOID  ETHERS  OF  THE  DYAD  POSITIVE 

RADICALS. 

I.  Haloid  ethers  of  the  form  C^H2„HoCl. 
Preparation. — These  ethers  are  prepared  by  the  action  of  the 
hydracids  on  the  glycols.    The  following  will  serve  as  examples 
of  this  class : — 

CH„Ho 


Ethylenic  chlorhydrate  or  chlorhydric  glycol  |  q jj^q]^ 

CH^I  ' 


Treated  with  potassic  hydrate,  both  these  bodies  give  ethy- 
lenic oxide,  as  previously  described  (p.  277). 

II.  Haloid  ethers  of  the  form  C^Hs^Cl^. 
Preparation. — These  ethers  are  generally  formed  by  the 
direct  union  of  the  dyad  radicals  with  the  chlorous  elements. 
The  following  Hst  comprises  the  chief  members  of  this  class: — 

Boiling-points. 

Methylenic  chloride   CH^Cl^    40° 

iodide    CH,I,   181° 

Ethylenic  chloride   C^H^Cl^    85° 
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Boiling-points. 

Ethylenic  bromide 

...    CABr,  .. 

129° 

„  iodide   

Propjlenic  chloride 

...     CjHeClj,  .. 

103° 

„  bromide 

....    C3H,Br,  .. 

144° 

....    CjHJj  .. 

Butylenic  chloride 

....    C.H,C1,  .. 

127° 

„  bromide 

....    C,H,Br,  .. 

160° 

Amylenic  chloride 

....  CA.C1,.. 

„  bromide 

....  CAoBr,.. 

....  175° 

By  the  action  of  potassium,  sodium,  or  zinc,  the  radicals  are 
again  liberated,  except  in  the  case  of  the  methylene  compounds. 
The  bromides  are  the  most  important  members  of  the  series. 


ETHYLENIC  BROMIDE. 

C,H,Br,    or    \^^^    or  Et"Br, 


Molecular  weight  =188.  Molecular  volume  I  I  I.  1  litre  oj 
ethylenic  bromide  vapour  weighs  94  criths.  Sp.  gr.  2*16. 
lE'uses  at  9°.    Boils  at  129°. 

Preparation. — By  agitating  bromine  and  water  with  ethy- 
lene. 

Beactions. — 1.  Boiled  with  alcoholic  potash  it  yields  brom- 
ethylene  or  vinylic  bromide  : — 

C,H,Br,    +    KHo    =    C,H3Br    +    KBr    +  OH,. 

Ethylenic  Potassic  Vinylic  bromide         Potassic  Water, 

bromide.  hydrate.  or  bromethylene.  bromide. 

2.  Heated  with  an  alcoholic  solution  of  potassic  acetate,  it 
yields  monacetic  glycol. 


CH,-0-CMeO 
CH,Ho 


{cH,Br    +    2CMeOKo    +  OH,  =  | 

Ethylenic  Potassic  Water.  Monacetic  glycol, 

bromide.  acetate. 

+    CMeOHo  +  2KBr. 

Acetic  Potassic 
acid.  bromide. 
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ETHYLENIC  CYANIDE. 

Fuses  at  37°. 

JPreparation. — By  heating  ethylenic  bromide  with  potassic 
cyanide  to  100°  for  sixteen  hours  : — 

r  CH,Br  Qj^,„j,    _     r  CH,(CN"')  ^ 

Ethylenic  Potassic  Ethylenic  Potassic 

bromide.  cyanide.  cyanide.  bromide. 

Reaction. — "When  boiled  with  alcoholic  potash,  ethylenic 
cyanide  yields  potassic  succinate : — 

(CH,(CN"')  Q     _  rCH,(COKo)  2j^„ 

\  CHXCN'")  +  ^^^'^  +  ^^^^  -  \CH,(COKo) 

Ethylenic  Potassic  Water.  Potassic  Ammonia, 

cyanide.  hydrate.  succinate. 


HALOID  UTHUES  OF  THF  TBIAD  POSITIVE 

EADICALS. 

I.  of  the  form  C^Hsn-iHooCl. 


Boiling- 
point. 


Chlorhydrin 


rCH^Ho 

CHCl    227°. 

CH^Ho 

r  CH  Ho 


Bromhydrin   ...  < 


CHBr    im°  in  vacuo. 

CHJlo 


II.  Of  the  form  C„H2n-iHoCl2. 

rCHjCl 

CHHo    180° 

CH,C1 


Dichlorhydrin... 


Tri  chlorhydrin. 


III.  Of  theform  CAn-iClg. 
fCHjCl 


CHCl    155°. 

CHjCl 


o 
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lY.  OftheformC„H2„_iOCl. 

Boiling- 
point. 

Hydrochloric       C  CH  ^ 

glycide  or  epi-  J  Ch'^    118^. 

cMorhydrin  ...  l^H^Cl 

Preparation. — The  ethers  of  the  first  three  forms  are  obtained 
by  the  action  of  the  hydracids  upon  glycerin;  whilst  those  of  the  1 
fourth  are  produced  by  the  action  of  alkalies  upon  the  second 
form  of  compounds. 


CHAPTER  XXXVII. 

THE  ALDEHYDES. 

These  compounds  are  intermediate  between  the  alcohols 
and  the  acids.  They  are  formed  from  alcohols  by  the  abstraction 
of  hydrogen ;  hence  the  name,  which  is  an  abbreviation  oi  alcohol 
dehydrogenatvm. 

Three  series  of  aldehydes  are  known,  corresponding  to  the 
three  series  of  monacid  alcohols,  viz. : — 

A.  Aldehydes  derived  from  C^Hg^+iHo  alcohols. 

?j  j5        «    C^H2„_iHo  „ 

C.        „  „        „  C^H2„_7Ho 

Preparation. — 1.  The  aldehydes  are  formed  by  the  oxidation 
of  the  alcohols ;  ethylic  alcohol,  for  instance,  yields  acetic  alde- 
hyde : — 

{%%o    +    O    =     {COH    +  OII^- 

Ethylic  Acetic  Water, 

alcohol.  aldehyde*. 

2.  Aldehydes  are  also  formed  by  distilling  a  mixture  of  equiva- 

I  I 

©  © 
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lent  quantities  of  the  potassie  salt  of  a  fatty  acid  and  of  potassic 
formate : — 

{iofco    +     {cOKo    =  +  COI^- 


Potassic 
acetate. 


Potassic 
formate. 


Potassic 
carbonate. 


t  COH 

Acetic 
aldehyde. 

This  is  an  important  reaction,  as  by  its  means  the  series 
of  fatty  acids  can  be  ascended;  for  the  aldehyde  may  next 
be  transformed  into  an  alcohol  by  nascent  hydrogen,  then  the 
alcohol  converted  into  acyanide,  which  by  treatment  with  potassic 
hydrate  gives  the  potassic  salt  of  the  next  higher  acid.  Thus : — 


JCH3 

t  CH^Ho 

Ethylic 
alcohol. 

SO.HoEto 

Sulphovinic 
acid. 


JCH3 

tCOH 

Acetic 
aldehyde. 

SO„Ho 


CH^Ho 

Ethylic 
alcohol. 


+ 


SO.HoEto    4-  OH 


Sulphuric 
acid. 


Sulphovinic 
acid. 


2  ' 
Water. 


+    CW'K    =    SO,KoHo  + 


J  CMeH, 
I  CN'" 

Ethylic 
cyanide. 


Potassic 
cyanide. 


Hydric  potassic 
sulphate. 


/  CMeH.^ 
\  CN'" 

Ethylic 
cyanide. 


+    KHo  4- 


Potassic 
hydrate. 


OH,  = 

Water. 


+  NH3, 

Ammonia. 


r  CMeK 
1  COKo 

Potassic 
propionate. 

Starting  again  with  potassic  propionate,  instead  of  potassic 
acetate,  the  same  series  of  reactions  can  be  performed,  resulting 
in  potassic  butyrate,  and  so  on. 

Reactions. — 1.  By  direct  absorption  of  oxygen,  the  aldehydes 
are  transformed  into  the  corresponding  acids : — 

jCOH       +    ^     -     jcOHo  • 

Aldehyde.  Acid. 

2.  Also  heated  with  ammoniacal  solution  of  argentic  oxide, 
the  aldehydes  are  converted  into  acids,  metallic  silver  being 
deposited : — 

fCnllsn+i       ,       nXcT       ~     5  ^nS^2n+l  , 
Aldehyde.  Argentic  oxide.  Acid. 

3.  When  heated  with  potassic  hydrate,  the  aldehydes  yield 
the  potassic  salts  of  the  corresponding  acids,  with  evolution  of 
hydrogen  : — 

O  2 
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f  CnH.2n+l       1       TTTT^    J  ^n^2n+l       i  tt 

jcOH       +  -     jcOKo  + 

Aldehyde.  Potassic  Potassic 

hydrate.  salt. 

4.  Treated  with  nascent  hydrogen,  they  are  converted  into 
the  corresponding  alcohols : — 

COH       +    -^2    -  \CH,Ho* 

Aldehyde.  Alcohol. 

5.  Most  aldehydes  combine  directly  with  ammonia,  forming 
crystalline  compounds : — 

COH  ^^-^3    -  jCOCN^HJ- 

Aldehyde.  Ammonia.  Ammonium 

compound. 

6.  Aldehydes  also  combine  with  the  alkaline  hydric  sulphites, 
producing  crystalline  compounds  : — 

{cOK^'    +    SOKoHo    =    SOKoHo  ,  I 

Aldehyde.  Hydric  potassic 

sulphite. 


A.  ALDUSYDUS  BEBIVJED  FROM  THE  C„H2;,+iHo 
SUBIJSS  OF  ALCOHOLS. 
The  following  are  known : — 


Acetic  aldehyde  . . . . 
Propionic  aldehyde 
Butyric  aldehyde  . 
Valeric  aldehyde  . 
(Enanthic  aldehyde 
Capric  aldehyde .... 
Euodic  aldehyde. . . . 
Laurie  aldehyde .... 
Palmitic  aldehyde  . 


JCH3 

'tCOH  •••• 

/  CMeH, 
'tcOH 

rcEtH,  rc(CA)H 

•ICOH  ICOH 

rCPrH, 
•ICOH 


Fusing- 
point. 


rC(CH3)H, 
[COH 


2  or  /C(C3H,)H, 


JCAyH,  rC(C,Hn)H3  ^elow -12* 
tCOH         tcOH  • 

rC(CsHi7)H2  _  00 

tcOH  • 

J  0(0^11^^^)11^  4.  70 

ICOH  ^  ' 

COH 

COH 


rC(0,oH,x)H2   

'ICOH 

|51Sy"^29)S2    52' 


Boiling- 
point 

21°. 
(55°-65°). 
(68°-75°). 

93°. 

152°. 

228°? 

213°. 

232°. 
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ACETIC  ALDEHYDE,  Aldeliyde.  . 
tCOH 

Molecular  weiglit  =44.  Molecular  volume  n"~|.  1  litre  of 
aldehyde  vapour  weighs  22  criths.  8p.gr.  =0*79.  Boils 
at  2r-8. 

Preparation. — 1.  By  oxidizing  alcohol  with  chromic  acid, 
chlorine  water,  or  manganic  oxide  and  sulphuric  acid : — 

;  Ethylic  Acetio  Water, 

alcohol.  |aldehyde. 

2.  By  oxidation,  casein,  fibrin,  and  albumen  also  yield  alde- 
hyde. 

3.  Aldehyde  is  formed  when  the  vapour  of  alcohol  or  ether 
is  passed  through  a  tube  heated  to  dull  redness. 

Beactions. — 1.  It  gradually  absorbs  oxygen  from  the  air, 
forming  acetic  acid,  into  which  it  is  also  readily  converted  by 
oxidizing  agents : — 

COH         ^    -  |cOHo 

Acetic  Acetic 
aldehyde.  acid. 

2.  It  reduces  silver  salts,  depositing  lustrous  metallic  silver 
on  the  sides  of  the  vessel. 

8.  When  submitted  to  the  action  of  potassium,  one  atom  of 
hydrogen  is  substituted  by  an  atom  of  the  metal,  the  compound 

/CH3 
ICOK 

being  formed. 

4.  Hydrocyanic  acid  transforms  aldehyde  into  alanin : — 
r  CH3       ,     ^^m-rr    J.    OTT  /  CMeHHo 

Acetic  Hydrocyanic  Water.  Alanin. 

aldehyde.  acid. 
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By  the  action  of  nitrous  anhydride,  alanin  is  converted  into 
lactic  acid : — 

^  J  CMeHHo      ,       n   -  9  J  CMeKHo   ,  , 

Alanin.  TsTitroua  Lactic  acid.  Water, 

anhydride. 

There  are  three  isomeric  modifications  of  aldehyde  : — 

Metaldeliyde,  crystalline,  subliming  at  120°. 

Paraldehyde,  liquid,  boiling  at  125°. 

Elaldehyde,  crystalline,  fusing  at  2°,  boiling  at  94°. 


E.  ALDEHYDES  DERIVED  EEOM  THE  C„H2„-iHo 

ALCOHOLS. 

ACROLEIN.   Acrylic  AldeJiyde. 

j  CMe"H 
|COH  • 

Molecular  weight  =56.    Molecular  volume  rT~|.    1  litre  of 

acrolein  vapour  iveighs  28  critlis.  Boils  at  52°'4. 

Preparation. — 1.  By  the  action  of  phosphoric  anhydride  or 
of  sulphuric  acid  on  glycerin : — 

CH,Ho  I 

Glycerin.  Water.  Acrolein. 

2.  By  the  oxidation  of  allylic  alcohol : — 

jCE^Ho  ~     [COH       +  "^2- 

Allylic  Acrolein.  Water, 

alcohol. 

3.  By  the  action  of  heat  on  the  product  of  the  union  of  ace- 
tone with  bromine : — 

Acetone. 

fCMeBr,    _     f  CMe"H 
\CH^Ho     -    |COH  + 

Acrolein.  Hydrobromic 
acid. 
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Reaction, — By  oxidation,  acrolein  yields  acrylic  acid : — 

rCMe"H  ,  ^  _  fCMe"H 
\COH       +    U     -     jcoHo  • 

Acrolein.  Acrylic  acid. 

C.  ALBEHTDES  DJEBIVEB  FROM  THE  C„H2n-7Ho 

ALCOHOLS. 

Benzoic  aldehyde  |  COH^'^"^'  •  •  • 

Cuminic  aldehyde   . . .  |  qoH^''^'^'  •  •  •229°-4. 

BENZOIC  ALDEHYDE,  Oil  of  Bitter  Almonds,  Rydride  of 

Benzoyl. 

rccc,H3)H, 

ICOH 

Molecular  weigJit  =106.    Molecular  volume  I  I  I.    1  litre  of 
benzoic  aldeJiyde  vapour  weighs  53  criths.    Sjp.  yr,  1*043. 
Boils  at  180°. 

Preparation. — 1.  By  the  oxidation  of  amygdalin  by  nitric 
acid,  and  by  the  action  of  a  mixture  of  manganic  oxide  and  sul- 
phuric acid  on  albumen,  fibrin,  casein,  and  gelatin. 

2.  By  digesting  bitter  almonds  with  water  for  five  or  six 
hours  at  30°-4!0°.  The  synaptase  present  acts  as  a  ferment  on 
the  amygdalin,  converting  it  into  glucose,  benzoic  aldehyde,  and 
hydrocyanic  acid : — 

C„H„NO„ + 20H,  =  I COE?'''  "^'+ CN"'H  +  2CeH,,0,. 

Amygdalin.         Water.  Benzoic         Hydrocyanic  Grlucose. 

aldehyde.  acid. 

Reactions. — 1.  "When  exposed  to  the  air,  benzoic  aldehyde 
absorbs  oxygen. and  is  converted  into  benzoic  acid: — 

fC(C,H3)H,     ,     o     -  /C!(CA)H,. 
I  COH  +    u     -  IcOHo 

Benzoic  aldehyde.  Benzoic  acid. 

2.  Heated  with  solid  potassic  hydrate,  it  gives  hydrogen  and 
potassic  benzoate : — 

fC(C,H3)H,         -gjj     ^     fC(C,H3)H,     ,  H 
\COH  +  \COKo  + 

Benzoic  Potassic  Potassic 

aldehyde.  hydrate.  benzoate. 
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CHAPTER  XXXVIII. 


THE  ACIDS. 


The  acids  form  the  most  numerous  family  of  organic  com- 
pounds. 

Many  of  tliem  are  contained  in  plants  in  the  free  state,  or 
in  combination  as  metallic  or  ethereal  salts. 

Others  are  produced  by  the  action  of  chemical  agents  on 
organic  matters. 

Some  are  formed  in  the  animal  organism,  as,  for  instance, 
formic,  paralactic,  oleic,  and  stearic  acids. 

The  organic  acids  are  divided  into  three  great  classes,  accord- 
ing to  their  basicity. 

1.  Monobasic  acids. 

2.  Dibasic  acids. 

3.  Tribasic  acids. 

The  basicity  of  organic  acids  is  determined  by  the  following 
simple  law : — an  organic  acid  containing  n  atoms  of  oxatyl  is 


The  monobasic  acids,  which  always  contain  a  single  atom  of 


n- basic. 


MONOBASIG  ACIDS. 


oxatyl  (COHo),  include  the  six  following  series  : — 


4.  Pyruvic  series 


6.  Benzoic  or  aromatic  series 


3.  Lactic  series 


2.  Acrylic  or  oleic  series 


1.  Acetic  or  fatty  series 


ACETIC  SERIES  OF  ACIDS. 
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The  1st,  2nd,  3rd,  5th,  and  6th  of  these  series  may  be  regarded 
as  the  derivatives  from  corresponding  series  of  alcohols. 

1.  The  Acetic  series  from  the  Methyl  series  of  alcohols. 

2.  „  Acrylic      „  „  Allyl 

3.  „   Lactic       „  „     Ethylene  „ 

5.  „   G-lyoxylic  „  „     Glycerin  „ 

6.  „  Benzoic     „  „     Benzoic     „  „ 

The  acids  of  the  first,  second,  fourth,  and  sixth  series  are 
termed  monohydric  as  well  as  monobasic ;  vsrhilst  the  acids  of 
the  third  series  are  termed  dihydric  and  monobasic,  indicating 
their  origin  from  the  diacid  alcohols,  and  that  they  contain 
two  atoms  of  hydroxyl,  one  of  which  is  in  the  oxatyl,  and  the 
other  in  the  positive  part  of  the  compound.  The  hydrogen  of 
the  latter  hydroxyl  may  be  displaced  by  very  positive  metals,  in 
the'  same  manner  as  the  hydrogen  of  the  hydroxyl  in  alcohols  ; 
but  it  cannot  be  displaced  by  double  decomposition  with  bases 
in  the  same  manner  as  the  hydrogen  in  the  oxatyl  may  be  sub- 
stituted. 

The  acids  of  the  fifth  series  are  termed  triTiydric  and  mono- 
basic, indicating  that  they  are  derived  from  the  triacid  alcohols, 
and  that  they  contain,  besides  the  hydroxyl  in  the  oxatyl,  two 
other  atoms  of  hydroxyl  in  the  positive  part  of  the  compound. 


1.  ACETIC  OR  FATTY  SJEBIUS  OF  ACIDS. 

General  formula  . . .  |  ^^Qgo^'-^ . 

These  acids  may  be  conveniently  arranged  under  three  divi- 
sions, viz. : — 

A.  JSTormal  acids. 

General  formula  . . .  |  cOBb'""^'^"^'- 

B.  Secondary  acids. 

General  formula  ...  I 


jCOHo 


o  5 
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C.  Tertiary  acids. 

General  formula  ...  |  COH^'"^''^'- 


A.  NORMAL  ACIDS  OF  TRF  ACETIC  OB  FATTY 

SERIES. 

General  formula  ...  |  COH^'"'^'^'^'- 

In  formic  acid,  which  is  generally  considered  to  be  the  first 
term  of  this  division,  the  radical  G{C^2n-\-\)^2  replaced  by 
H  ;  and  in  acetic  acid  the  value  of  n=0.  The  following  is  a 
list  of  the  normal  fatty  acids : — 


T^nrmip.  aoid   ^ 

rn 

Fusing- 
point. 

.  +1° 

Boiling- 
point. 

100°. 

COHo 

Acetic  acid   - 

[Me 
COHo 

or  ' 

rcH3 

+  17° 

117° 

[COHo 

Propionic  acid  .  ■ 

f  CMeH, 
COHo 

or  - 

fCCCHJH, 
COHo 

141°. 

Butyric  acid  ...  - 

'  CEtH, 
COHo 

or  j 

C(C,H,)H, 
COHo 

below 
•  -20°. 

161°. 

Yaleric  acid 

r  CPrH, 
[COHo 

or  - 

\  C(C3H,)H, 
[COHo 

175°. 

Caproic  acid   . . .  - 

r  CBuH, 
[COHo 

or  < 

f  C(CA)H, 
[COHo 

.  +5° 

198°. 

(Enanthylic  acid  - 

r  CAyH, 
COHo 

or  ^ 

C(C,H,)H, 
COHo 

212° 

Caprylic  acid  . . .  - 

r  ccpH, 

COHo 

or  ' 

\  C(C3H,3)H, 
[COHo 

.  -fM°. 

236°. 

Pelargonic  acid 

rC(C,HJH, 
[COHo 

.  +18"? 

260°. 

NORMAL  FATTY  ACIDS, 
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Ftising- 
point. 


Capricacid   I  COH^"^^'  27°-2(30°) 


Laurie  acid   {cOH?"^^^' 

Myristicacid   {  COHo 


Palmitic  acid   {001!?''^^' 

Margaricacid   {00!!^''^^' 

Stearic  acid    |  COH^''^^^' 


Arachidic  acid   |  COH^''^^' 


Behenie  acid   |  Q^^gf 76°. 


Cerotic  acid   |  coff^"^^' 


Melissic  acid   I  9>^Sr^''^^' 


78° 


88^ 
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Occurrence. — The  greater  number  of  the  acids  of  this  series 
are  met  with  ready  formed  in  nature,  some  in  the  free  state,  as 
formic  acid  in  ants  and  nettles,  valeric  acid  in  the  valerian 
root,  pelargonic  acid  in  the  essential  oil  of  the  Felargoniim 
roseum,  and  cerotic  acid  in  bees-wax. 

Others  are  met  with  as  the  ethereal  salts  of  monacid  alcohols. 
Thus  spermaceti  is  cetylic  palmitate,  and  Chinese  wax  cerylic 
cerotate. 

A  large  number  exist  as  natural  fats  in  the  form  of  the 
ethereal  salts  of  glycerin :  this  is  the  case  with  butyric,  pal- 
mitic, and  stearic  acids,  which,  united  with  glycerin,  form 
respectively  butyrin,  palmitin,  and  stearin. 

Formation. — 1.  By  the  oxidation  of  the  normal  alcohols  of 
the  methyl  series,  as  in  the  conversion  of  alcohol  into  acetic 
acid  by  heating  it  with  a  solution  of  chromic  acid  : — 

{i^Ho    +  =     {goko    +  OS"- 

Alcoliol.  Acetic  Water. 

acid. 


2.  By  the  action  of  alkalies  or  acids  upon  the  cyanides  of 
the  C„H2„+i  series  of  radicals : — 


CN'" 

Cyanide. 


and 


+    KHo   +  OH 


Potassic 
hydrate. 


2 

Water. 


COKo 

Potassic 
salt. 


+    NH  ; 


Ammonia. 


C„H2„^i 
CN'" 

Cyanide. 


+   HCl   +   20K  = 


Hydrochloric 
acid. 


Water. 


J  C„H2„^i 

\COHo 


Aoid. 


+ 


NH.Cl. 

Ammonic 
chloride. 


Instances  of  these  reactions  are  seen  in  the  treatment  of 
ethylic  cyanide  by  a  boiling  solution  of  potassic  hydrate,  when 
it  is  converted  into  potassic  propionate,  ammonia  being  evolved, 
thus — 
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Ethylic  Potassic  Water.  Potassic  Ammoma. 

cyanide.  hydrate.  propionate. 

and  in  tlie  conversion  of  ethylic  cyanide,  by  the  action  of  hydro- 
chloric acid,  into  ammonic  chloride  and  propionic  acid — 

CMeH,    ^  HCl  +  20H.  =  +  NH.Cl. 

Ethylic         Hydrochloric        Water.  Propionic  Ammonic 

cyanide.  acid.  acid.  chloride. 

3.  By  the  action  of  the  potassium  or  sodium  compound  of  the 
Cn3.2n+i  radicals  upon  carbonic  anhydride — 

CO,    +    C„H^+,Na    =  {c"oNto' 

Carbonic  Sodium  Sodie 

anhydride.  compound.  salt. 

as,  for  example,  in  the  formation  of  sodic  propionate  by  the  ab- 
sorption of  carbonic  anhydride  by  sodic  ethide  : — 

CO,    +    CMeH^Na    =    { g^' 

Carbonic  Sodic  ethide.  Sodic 

anhydride.  propionate. 

4.  By  the  oxidation  of  aldehydes — 


( 


CnHgn+l       _j_       n    J  ^n^2n+l 

COH      +    ^    -  jcOHo' 

Aldehyde.  Acid. 


as  in  the  conversion  of  acetic  aldehyde  into  acetic  acid  by 
the  absorption  of  atmospheric  oxygen : — 

\COH    -1-    ^    -  |cOHo- 

Acetic  Acetic 
aldehyde.  acid. 

Besides  these  reactions  of  general  application,  there  are 
numerous  special  methods  for  the  production  of  certain  mem- 
bers of  this  series.  In  most  of  these  methods,  however,  the 
reactions  cannot  be  clearly  traced. 

Thus,  by  the  oxidation  of  albumen,  fibrin,  casein,  and  other 
similar  substances,  there  are  produced  formic,  acetic,  propi- 
onic, butyric,  valeric,  and  caproic  acids. 
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2  \  +    O     =     ■!  ^"^211    +  2C0,  +  OH,. 


Propionic  and  butyric  acids  are  produced  in  some  kinds  of 
fermentation ;  and  acetic  acid  is  obtained  by  the  destructive 
distillation  of  wood  and  otlier  similar  substances. 

delations  of  the  Normal  Fatty  Acids  to  the  C„Il2n+i  Series  of 

Radicals. 

1.  "When  tbese  acids  are  submitted  to  the  action  of  nascent 
oxygen  evolved  by  electrolysis,  the  negative  radical  oxatyl  is 
converted  into  carbonic  anhydride  and  water,  the  positive 
radical  being  set  at  liberty : — 

jCOHo      +    ^     -  jo^Hs 

Acid.  Positive  Carbonic  Water. 

radical.  anhydride. 

On  electrolyzing  a  solution  of  potassic  valerate,  hydric  po- 
tassic  carbonate  and  the  normal  radical  butyl  are  formed : — 

2{c(?io    +    OH,    +    O  =  {gA  +  2COHoKo. 

Potassic  Water.  Butyl.  Hydric  potassic 

valerate.  carbonate. 

2.  When  the  ammonic  salts  of  these  acids  are  heated  with 
phosphoric  anhydride,  they  are  converted  into  cyanides  of  the 
radicals  of  the  CnBL^n-v  i  series — 

CO(N^H^O)  ^-^2^5    —  |CN"'  ^Jrw^iio, 

Amnionic  salt.  Phosphoric  Cyanide.  Metaphosphoric 

anhydride.  acid. 

as  in  the  transformation  of  ammonic  acetate  into  methylic 
cyanide  by  distillation  with  phosphoric  anhydride : — 

{C0(N'H,0)    +  =    {g^?„    +  4PO,Ho. 

Amnionic  Phosphoric  Methylic  Metaphosphoric 

acetate.  anhydride.  cyanide.  acid. 

These  cyanides  are  converted  into  normal  monacid  alcohols 
by  Mendius's  reaction  (see  p.  248). 

From  the  alcohols  so  obtained,  the  CnH2»+i  radicals  are  iso- 
lated as  described  at  page  246. 


ASCENT  OF  THE  SERIES  OF  FATTY  ACIDS.  303 

Relations  of  the  Normal  Fatty  Acids  to  the  CnIl2n+iHo  Series  of 

Alcohols. 

1.  By  oxidation  the  normal  alcoliols  yield  these  acids,  as  above 
shown. 

2.  Conversely,  the  normal  fatty  acids  can  be  converted  into 
the  normal  C„H2«+iHo  alcohols, — 

1st,  by  Mendius's  reaction  (see  p.  248)  ; 

2nd,  by  Piria  and  Wurtz's  reactions,  viz. : — 

Distillation  of  the  potassic  salt  of  the  fatty  acid  with  an 
equivalent  quantity  of  potassic  formate,  by  which  the  acid  is 
converted  into  the  aldehyde — 

COKo      +     \COKo    -     jcOH       +  ^^^o.' 

Potassic  Potassic  Aldehyde.  Potassic 

salt.  formate.  carbonate. 

and  subsequent  treatment  of  the  aldehyde  by  nascent  hy- 
drogen— 

J  C«Il2n+i       I       TT    J  ^'n^2n+l 

\COH       +  -  jcH^Ho- 

Aldehyde.  Normal 

alcohol. 

jRelations  of  the  Normal  Fatty  Acids  to  each  other.    Ascent  of 

the  Series. 

If  the  hydrogen  constituting  the  positive  part  of  formic  acid 
were  substituted  successively  by  methyl,  ethyl,  &c.,  the  whole 
series  of  normal  fatty  acids  would  be  obtained : — 

Pormic  acid... . 
Acetic  acid  .... 
Propionic  acid 
Butyric  acid  . 

This  substitution  has  not  yet  been  accomplished ;  but  an 
analogous  series  of  reactions  has  been  effected  with  acetic  acid. 


1  COHo- 


JCH3 
1  COHo* 


J 

1  COHo* 


1  COHo- 


304 


THE  ACIDS. 


By  the  action  of  sodium  on  acetic  ether,  one  of  the  hydrogen 
atoms  in  the  positive  part  of  the  compound  becomes  substituted 
by  sodium,  producing 

Monosodacetic  ether  | 

[  COEto' 

By  acting  on  this  body  with  the  iodides  of  the  CnH2n+i 
radicals,  ethylic  salts  of  the  higher  acids  are  produced. 

On  submitting  monosodacetic  ether  to  the  action  of  methyHc 
iodide,  for  instance,  propionic  ether  is  formed — 

\  COEto    +    '^^^-^  t  COEto  + 

Monosodacetic]  Methylic  Propionic  Sodic 

ether.  iodide.  ether.  iodide. 

and  by  the  action  of  ethylic  iodide,  butyric  ether  is  produced — 

fCH,Na     ,     CHI   -    |C(CA)H,  ^ 
\  COEto    +  -    I  COEto  + 

Monosodacetic  Ethylic  Butyric  Sodic 

ether.  iodide.  ether.  iodide. 


FORMIC  ACID. 
{cOHo-«='HOHo. 

Molecular  weight  =46.  Molecular  volume  fTl.  1  litre  of 
formic  acid  vapour  weigJis  23  criths.  Sp.gr.  1'2353.  Fuses 
at  r  C.    Boils  at  100°  C. 

Occurrence. — If  red  ants  be  made  to  pass  over  blue  litmus- 
paper  and  be  at  the  same  time  irritated,  they  leave  a  red  streak 
behind  them,  produced  by  the  formic  acid  vs^hich  they  eject. 
By  placing  the  hand  on  an  ant-hill,  a  tingling  sensation  is  felt 
from  the  same  cause,  and  the  hand  acquires  the  powerful  and 
pleasant  odour  of  formic  acid. 

Eormic  acid  also  occurs  in  the  hairs  of  certain  caterpillars, 
and  in  the  sting  of  nettles. 

Formation. — 1.  Eormic  acid  is  produced  in  a  very  large  num- 
ber of  chemical  reactions,  as  in  the  oxidation  of  many  organic 
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matters  (such  as  starch,  woody  fibre,  or  tartaric  acid)  by  a  mix- 
ture of  sulphuric  acid  and  manganic  oxide,  or  by  potassic  hy- 
drate or  chromic  acid. 

2.  By  the  action  of  potassic  hydrate  on  chloroform,  potassic 
formate  is  generated : — 

CHCI3    -h    4KHo    =    CHOKo    +    3KC1  20H,. 

Chloroform.  Potassic  Potassic  Potassic  Water, 

hydrate.  formate.  chloride. 

3.  By  the  oxidation  of  methylic  alcohol : — 

{cH^Ho    +  "     {cOHo  + 

Methylic  Formic  Water, 

alcohol.  acid. 

4.  By  heating  equal  weights  of  dry  oxalic  acid  and  glycerin 
together  to  75°  C,  when  the  oxalic  acid  splits  into  formic  acid 
and  carbonic  anhydride : — 


( 


COHo  _    JH  .  ro 

COHo  -     ICOHo  + 

Oxalic  Formic  Carbonic 

acid.  ^acid.  anhydride. 


5.  By  digesting  together  at  100°,  for  forty-eight  hours,potassic 
hydrate  and  carbonic  oxide : — 


KHo     +    CO  = 


1^ 

1  COKo' 

Potassic  Carbonic  Potassic 

hydrate.  oxide.  formate. 


Eormic  acid  from  any  of  these  sources  is  obtained  in  the 
concentrated  state  by  decomposing  plumbic  formate  with  sul- 
phuretted hydrogen,  and  afterwards  rectifying  the  acid  over 
plumbic  formate : — 

ggOpbo"    +    SH,    =    2{Hqjj^    +  PbS". 

Plumbic  Sulphuretted  Formic  Plumbic 

formate.  hydrogen.  acid.  sulphide. 
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Character. — When  heated  with  concentrated  sulphuric  acid, 
formic  acid  splits  into  water  and  carbonic  oxide : — 

{cOHo    =    CO    +  OH, 

Formic  Carbonic  Water, 

acid.  oxide. 

Chlorine  converts  formic  acid  into  hydrochloric  acid  and  car- 
bonic anhydride : — 

{cOHo    +  =     2HC1     +  CO, 

Formic  Hydrochloric  Carbonic 

acid.  acid.  anhydride. 

"When  heated  with  excess  of  mercuric  oxide,  it  is  converted 
into  carbonic  anhydride  and  water,  the  mercury  being  reduced 
to  the  metallic  state  : — 

{cOHo    +  =    CO,    +    Hg    +  OH, 

Formic  Mercuric  Carbonic  Water, 

acid.  oxide.  anhydride. 


ACETIC  ACID. 
1  COHo- 

Molecular  weight  =60.  Molecular  volume  I  I  I.  1  litre  of 
acetic  acid  vapour  weighs  30  criths.  Sp.  gr.  1'064.  Fuses 
at -^17°.    Boils  at  117°. 

Occurrence. — Found  in  small  quantities  in  the  juices  of 
plants  and  in  animal  fluids. 

Manufacture. — 1.  By  the  destructive  distillation  of  wood, 
a  liquid  is  obtained  which  contains  acetic  acid ;  the  acid  is  pu- 
rified by  being  converted  first  into  a  calcic,  and  then  into  a 
sodic  salt,  the  latter  being  afterwards  decomposed  by  sulphuric 
acid. 

2.  By  the  oxidation  of  ethylic  alcohol : — 

{ch'Ho    +  =     {cOHo  + 

Ethylic  Acetic  Water, 

alcohol.  acid. 
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Preparation. — Pure  acetic  acid  may  be  obtained  by  distilling 
potassic  diacetate : — 

rcH3     rcH3     _   JCH3     ,  rcH3 

\COKo'    jCOHo    ~"     1  COKo  \  COHo' 

Potassic  diacetate.  Potassic  Acetic 

acetate.  acid. 

Character. — Chlorine  acts  on  acetic  acid  in  sunlight,  pro- 
ducing three  chlorinated  acids,  in  which  chlorine  is  substituted 
for  hydrogen : — 

fCH.      ^  _     fCHCl    ^  jjpj^ 


\  COHo    +  -     I  COHo 

Acetic  Monochloracetic  Hydrochloric 

acid.  acid.  acid. 

fCH,Cl     ,     ci     -     1°^^'^    +  HCl 
ICOHo    +  jCOHo  + 

Monocliloracetic  Dichloracetic  Hydrochloric 

acid.  acid.  acid. 

J  CHOI,     ,  fCCl,  , 

jcOHo    +  =     jcOHo  + 

Dichloracetic  Trichloracetic  Hydrochloric 

acid.  acid.  acid. 

The  salts  of  acetic  acid  in  which  the  hydrogen  of  the  oxatyl 
is  replaced  by  monad  metals  have  the  general  formula 

JCH3 
\  COMo" 

The  acetates  of  the  dyad  metals  have  the  constitution  repre- 
sented by  the  following  general  formula : — 

jcO-O^    or  jMo^^^  or  c^^0.0M  . 

By  the  action  of  phosphorous  trichloride,  acetic  acid  yields 
acetylic  chloride: — 

Acetic  Phosphorous  Acetylic  Phosphorous 

acid.  trichloride.  chloride.  acid. 
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PROPIONIC  ACID,  Methacetic  Acid. 

f  CMeH, 
\  COHo  • 


Molecular  weight  =  74.    Molecular  volume  I  1  1    1  litre  of  pro- 
pionic acid  vapour  weigJis  37  critJis.    Boils  at  141°. 

Preparation. — 1.  By  tlie  oxidation  of  metacetone — a  liquid 
obtained  by  tbe  distillation  of  a  mixture  of  sugar  and  lime. 

2.  By  the  action  of  concentrated  solution  of  potassic  bydrate 
on  sugar. 

3.  By  the  fermentation  of  glycerin,  and  also  of  sugar,  by 
means  of  putrid  cheese  in  the  presence  of  calcic  carbonate. 

4.  By  the  action  of  potassic  hydrate  or  hydrochloric  acid  on 
ethylic  cyanide  (see  p.  300). 

5.  By  the  action  of  carbonic  anhydride  on  sodic  ethide 
(see  p.  301). 

6.  By  the  action  of  hydriodic  acid  on  lactic  acid : — 

Lactic  Hydriodic  Propionic  Water, 

acid-  acid.  acid. 

7.  By  the  action  of  m ethylic  iodide  on  sodacetic  ether  (see 
page  304). 


BUTYEIC  ACID,  MJiacetie  Acid. 


i  CEtH, 
t  COHo• 


il^bZe^7wZ^^r  weight  =88.  Molecular  volume  \  I  1.  1  litre  of 
hutyric  acid  vapour  weighs  44  criths.  Sp.  gr.  0"9886. 
Fuses  below  —20°.    Boils  at  161°  0. 

Occurrence. — In  butter,  juice  of  flesh,  perspiration,  and  many 
animal  secretions. 

Preparation. — 1.  By  the  fermentation  of  sugar  with  putrid 
cheese. 
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2.  By  tlie  action  of  ethylic  iodide  on  sodacetic  ether  (for 
reaction,  see  page  304) . 

VALERIC  ACID,  Valerianic  Acid. 

J  CPrH, 
\  COHo* 

Molecular  weight  =102.  Molecular  volume  t  I  1.  1  litre  of 
valeric  acid  vapour  weighs  51  criths.  Sp.  gr.  0*937.  JBoils 
at  175° 

Occurrence. — In  many  plants,  as  in  the  roots  of  valerian  and 
angelica. 

Preparation. — By  the  oxidation  ofamylic  alcohol  with  a  mix- 
ture of  sulphuric  acid  and  dipotassic  dichromate : — 

fC(C3H,)H,     ,     0     -  /C(C3H.)H, 
lCH,Ho        +    "J.    -     \COHo  + 

A  my  lie  Valeric  Water, 

alcohol.  acid. 

Isomeric  forms. — There  are  four  possible  isomers  of  valeric 
acid : — 

Normal  valeric  acid  or  f  CPrH^^^  f  CH,(CH,[CH,(CH3)]) 
propylacetic  acid  ...  1  COHo  ^  \  COHo 

®  ©  ©  .  ©  . 

©-©-®-(^-h®-r9"® 


© 


® 
I 


0  0  0 

© 

,7  -D  T  <-■  -A  fCPr/3K  f  CH,[CH(CH,),] 
/3  Propylacetic  acid  ...  |  qq-^^  "  or  |  qq^^^    ^  ^'^J. 

■  9 

©-©-©   :   ©  ., 


©-(^  ■   ©   ■  © 

I  I 

©  © 
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Methethacetic  acid    ...I  S™orjSS(?^3)[CH,(CH3)] 


•  1  COHo 


COHo 


© 

0  (h)  (h>0-0 

©-©-© — © — ©=© 
®©    ©  © 

I 

© 

Trimethacetic  acid  |  Q^g^  or  |  cq^^"^'- 

© 
©-©-© 

© 

©-© — © — ©=© 

I  I 

©  © 

(SH^©  © 
© 

Of  these,  the  normal,  the  /3  propylacetic,  and  the  trimetha- 
cetic acid  are  known. 


B.  SECONDARY  FATTY  ACIDS. 
General  formula...  |  coH^'"+''^''^- 

Formation. — By  the  action  of  the  iodides  of  the  C^H-zn+i 
radicals  on  disodacetic  ether,  the  ethereal  salts  of  these  acids 
are  produced. 
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DIMETHACETIC  ACID,  or  Isohutyric  Acid. 


( CMe.H 
t  COHo  • 


Molecular  weigJit  =88.    Molecular  volume  I  I  I.    1  litre  of 
dimethacetic  acid  vapour  weighs  44  criths.    Boils  at  152°. 
Isomeric  with  butyric  or  ethacetic  acid. 

Preparation. — As  a  potassic  salt,  by  the  action  of  methylic 
iodide  on  disodacetic  ether  and  the  subsequent  decomposition,  by 
alcoholic  solution  of  potash,  of  the  ethereal  salt  so  formed : — 


r  CNa^H 
t  COEto 

Disodacetic 
ether. 

/  CMe^H 
\  COEto 

Dimethacetic 
ether. 


+    2MeI  = 


Methylic 
iodi' 


iyu( 
de. 


r  CMe,H 
\  COEto 

Dimethacetic 
ether. 


+  2^31. 


+    KHo  = 


Potassic 
hydrate. 


rCMe,H  , 
\  COKo 

Potassic 
dimethacetate. 


Sodio 
iodide. 


EtHo. 

Alcohol. 


Diethacetic  acid,  |  qq^^'  isomeric  with  caproic  acid,  and 

diamylacetic  acid,  |  qq§^j  isomeric  with  lauric  acid,  have  been 

prepared  by  the  substitution  of  ethylic  and  amylic  iodides  in 
the  above  reaction. 


C.  TERTIARY  FATTY  ACIDS. 

General  formula. . .  |  ^qH^'""*"'^'- 

Formation. — As  ethereal  salts,  by  the  action  of  the  iodides 
of  the  C^Hsn^i  radicals  on  trisodacetic  ether. 
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TRIMETHACETIC  ACID. 
[  COHo- 

Molecular  weight  =102.  Molecular  volume  1  I  1.  1  litre  of 
trimetJiacetic  acid  vapour  weiglis  51  critJis.  Isomeric  with 
valerianic  acid. 

For  the  graphic  formula  of  trimethacetic  acid  see  p.  310. 
Preparation. — As  an  ethereal  salt,  by  the  action  of  methylic 
iodide  on  trisodacetic  ether : — 

rCNa3  oMel    -    I  ^^^3       .  oivjal 

jcOEto    +    "^^^^^    -    jcOEto  + 

Trisodacetic  Methylic  Trimethacetic  Sodic 

ether.  iodide.  ether.  iodide. 


CHAPTER  XXXIX. 

THE  ACIDS. 

2.  ACRYLIC  OR  OLJEIC  SURIUS  OF  ACIDS. 

General  formula  of  normal  and  f  C(CnH.2n)" i,^nJi2m+i) 
secondary  acids   \  COHo 

This  series  is  divided  into  normal,  secondary,  and  olefine 
acids.  In  the  normal  acid  m=0;  in  the  secondary  it  must  be 
a  positive  integer. 

Most  of  the  normal  acids  exist  as  glycerin  ethers  in 
natural  fats  and  oils. 

The  following  is  a  list  of  the  acrylic  series  of  acids : — 


A.  JSfORMAL  ACIDS, 


Acrylic  acid   |  COHo 

J  CEt"H 
 ••••  jCOHo 

A  T  'A  rCPr"H 
Angelic  acid   |  OQ^o 


Crotonic  acid 


or 


or 


or 


/  C(CH,)"H 
1 COHo  • 
r  C(C,HJ"H 
t  COHo 
rC(C3H3)"H 
\  COHo 
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-n     ^    I.-      -J  rCBu"H  rC(C,HJ"H 

Pyroterebic  acid  |  COHo  \  COHo  * 

Damaluric  acid    C^K^^fi^. 

Damolic  acid    ^^3112^02. 

Moringicacid  1    C,,H,A- 

Cimicic  acid   J 

Pliysetoleic  acid  

Hypogseic  acid    |>   C^^IL^^O^. 

Gai'dic  acid  


Oleic  acid   i^^^y"' 

Elaidic  acid   O^gHg^O^. 

Doeglic  acid    C^gllggOg. 


Brassic  acid.    {Urucic  1  *  C  H 

acid.)   J 


B.  SECONBABY  AOIDS. 


rC(CHJ"H 
COHo 


Methacrylic  acid  {  cOHo^^  """^  [qoB^o 

Methylcrotomc  acid   |  qqj^^      or  |  qq±^'^  ^ 

Ethylcrotonic  acid  {  g^^'         {  COHo^^''^^^^^^- 

C.  OLEFINJE  ACIBS. 
{ CMe"H 

/3  Crotonic  acid   \  CH^  or  ^ 

[  COHo 

Formation  of  Normal  Acids. — 1.  By  the  oxidation  of  the 
alcohols  of  the  vinyl  or  C„H2,j_iHo  series  : — 

JC(C„H2n)"H    _i_    o     —    /  C(C,,H2^)"H  , 
tCH.Ho  +  -    I  COHo 

Alcohol.     •  Acid.  Water, 

2.  By  the  oxidation  of  the  aldehydes  of  the  acrolein  or 

f  C(C«H2„)"H 

I  COH  series  : — 

C(C„H2„)"H     ,     n    —  fC5(CnH2„)"H 
COH  -i-    u    -  |qoHo 

Aldehyde.  Acid. 

P 
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Formation  of  Secondary  Acids. — By  the  action  of  the  phos- 
phorus chlorides  or  of  phosphoric  anhydride  upon  the  ethereal 
salts  of  secondary  acids  of  the  lactic  series,  the  elements  of 
water  are  removed  and  the  ethereal  salts  of  the  acrylic  secon- 
dary division  of  acids  produced : — 

q  J  C(C«H2„)"(C„H2„+i) 
^  \  COEto 


rc(aH2„+o.Ho 

\  COEto 

Ethereal  salt  of 
the  lactic  series. 


+ 


PCI,  = 

Phosphorous 
trichloride. 


Ethereal  salt  of 
the  acrylic  series. 


+    POHHo,    +  3HC1. 


Phosphorous 
acid. 


Hydrochlo- 
ric acid. 


Formation  of  Olefine  'Acids. — By  the  action  of  potassic 
hydrate  upon  the  cyanides  of  the  C„Il2„_i  family  of  radicals : — 


rCMe"H 
CH, 
CN'" 

AUyiic  cyanide. 


-f  KHo  +  OK  = 


Potassic 
hydrate. 


Water. 


rCMe"H 
COKo 

Potassic 
^  crotonate. 


+  NH3. 

Ammonia. 


Relations  of  the  Acrylic  to  the  Acetic  Series  of  Acids. 

The  normal  and  secondary  acids  of  the  acrylic  series,  when 
treated  with  fused  potassic  hydrate,  yield  the  potassic  salts 
of  two  normal  acids  of  the  acetic  series : — 


COHo 

Acid  of  the  acrylic  series. 


-f    2KHo  = 


Potassic 
hydrate. 


+ 


Potassic  salt  of  acid 
of  the  acetic  series. 


COKo 


Potassic  salt  of  acid 
of  the  acetic  series. 


J  C(C„_2H2«-3)B^2         I  "IT 

\  COKo 


All  the  members  of  the  acrylic  series  found  in  nature  give 
acetic  acid  as  one  of  the  acids  produced  in  this  reaction. 
Erom  this  and  other  considerations  it  is  believed  that  their 


ACRYLIC  ACID. 


31 


basylous  radicals  all  contain  one  atom  of  hydrogen  and  a  dyad 
radical.  They  are  normal  acids ;  and  by  the  action  of  fused 
potassic  hydrate  the  dyad  radical  becomes  substituted  by  two 
atoms  of  hydrogen.    Thus : — 


r  CMe"H 
\COHo 

Acrylic  acid. 

J  CEt"H 
I  COHo 

Crotonic 
acid. 

f  CPr"H 
[COHo 

Angelic 
acid. 


+ 

2KHo  = 

\COKo 

[H 

LCOKo 

Potassic 
hydrate. 

Potassic 
acetate. 

Potassic 
formate. 

4- 

2KHo  = 

/CH3 

[COKo 

fCH, 
[COKo 

Potassic 
hydrate. 

Potassic 
acetate. 

Potassic 
acetate. 

+ 

2KHo  = 

JCH3 

\COKo 

+  1 

f  CMeH, 
COKo 

Potassic 
hydrate. 

Potassic 
acetate. 

Potassic 
propionate. 

Some  of  the  secondary  acids  also  give  acetic  acid  when  treated 
with  fused  potassic  hydrate ;  but  this  can  only  happen  when  the 
dyad  radical  is  ethylene,  thus : — 


CMe'Me 
COHo 

+ 

2KHo  =  < 

'  CMeH, 
COKo 

+ 

jCOKo 

Methacrylio 
acid. 

Potassic 
hydrate. 

Potassic 
propionate. 

Potassic 
formate. 

CEf'Me 
COHo 

+ 

2KHo  =  ^ 

'  CMeH^ 
^COKo 

+ 

jCOKo 

Methylcro- 
tonic  acid. 

Potassic 
hydrate. 

Potassic 
propionate. 

Potassic 
acetate. 

■  CEf'Et 
COHo 

+ 

2KHo  =  ^ 

f  CEtH^ 
,COKo 

+ 

JCH, 
|,COKo 

Ethylcro- 
tonic  acid. 

Potassic 
hydrate. 

Potassic 
butyrate. 

Potassic 
acetate. 

H 


2* 


+  H, 


+  H, 


ACRYLIC  ACID. 

/  CMe"H 
tCOHo  • 

Molecular  weight  =72.    Boils  at  about  100°. 

Preparation. — By  the  oxidation  of  acrolein  with  argentic  ox- 
ide : — 


/  CMe"H 
jCOH 

Acrolein. 


+    OAg,  = 

Argentic  oxide. 


f  CMe"H 
tCOHo 

Acrylic  acid. 


+ 


Ao" . 


p2 
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'Reactions. — 1.  Acrvlic  acid,  under  the  influence  of  nascent 
hydrogen,  produces  propionic  acid : — 

rCMe"H     ,     TT    _  JCMeH 
\  COHo      +  -    I  cOHo  • 

Acrylic  acid.  Propionic; 

acid. 

2.  Acrylic  acid  also  combines  directly  with  bromine,  pro- 
ducing dibromopropionic  acid. 


OLEIC  ACID. 

r  C(C,3H3,)"H 
t  COHo 

I*reparation. — Obtained  in  the  purification  of  stearic  acid. 
Reaction. — Heated  with  potassic  hydrate,  it  gives  potassic 
acetate  and  palmitate : — 


C(C„H3,)"H  jj  _  f  CH,  r  C(C,.H,,)H, 
COHo         +  \  COKo  +  \  COKo 

Oleic  acid.  Potassic  Potassic  Potassic  palmitate. 

hydrate.  acetate. 


CHAPTER  XL. 

THE  ACIDS. 

3.  LACTIC  SERIES  OF  ACIDS. 

Greneral  formula  of  normal  and  secondary  acids : — 

fC(aH2„+i)(C^H2^+0Ho 
\  COHo 

In  the  normal  acids  m  in  this  formula  =0 ;  but  in  the  secon- 
dary acids  it  must  be  a  positive  integer. 

The  members  of  the  lactic  series  may  be  defined  as  acids 
containing  one  atom  of  oxatyl,  the  fourth  bond  of  the  carbon 
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of  which  is  united  witli  the  carbon  of  a  basylous  group,  con- 
taining one  atom,  and  one  only,  of  hydroxyl,  or  of  the  peroxide 
of  a  monad  radical,  either  alcoholic  or  acid.  The  following 
examples  will  serve  to  illustrate  this  definition : — 


Methyl-lactic  | 
acid. 

Aceto-lactic 
acid. 


The  acids  of  this  series  at  present  known,  or  which  could 
be  obtained  by  obvious  processes,  are  classified  into  the  fol- 
lowing eight  divisions : — 

1.  ISTormal  Acids. 

2.  Etheric  Normal  Acids. 

3.  Secondary  Acids. 

4.  Etheric  Secondary  Acids. 

5.  Normal  define  Acids. 

6.  Etheric  Normal  Olefine  Acids. 

7.  Secondary  Olefine  Acids. 

8.  Etheric  Secondary  Olefine  Acids. 

1st.  Normal  Acids. — A  normal  acid  of  the  lactic  series  may 
be  defined  as  one  in  which  an  atom  of  carbon  is  united  with 
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oxatyl,  hydroxyl,  and  at  least  one  atom  of  hydrogen.  The 
general  formula  of  these  acids  is  therefore 


+ 


/ CEHHo 
iCOHo  • 


+ 


In  this  formula  E  may  be  either  hydrogen  or  any  monad 
alcohol  radical ;  and  the  number  of  acids  possessing  the  same 
atomic  weight,  and  belonging  to  this  division,  is  determined  by 
the  number  of  isomeric  modifications  of  which  the  alcohol 
radical  is  susceptible.  Thus,  of  the  acids  containing  two,  three, 
or  four  atoms  of  carbon,  there  can  be  only  one  of  each  belong- 
ing to  this  division,  because  these  acids  cannot  contain  an 
alcohol  radical  higher  in  the  series  than  ethyl,  and  this  radical 
is  not  susceptible  of  isomeric  modification ;  but  a  normal  acid 
containing  propyl  can  have  one  isomer  in  this  division,  the  two 
acids  containing  respectively  propyl  (CEtHj)  and  isopropyl 
(CMe2H).  For  acids  of  this  division  containing  normal  alco- 
hol radicals  only,  the  following  general  graphic  formula  may  be 
given : — 


© 

0-(£K£>-© 
III 

©  © 


'©1 
© 


© 


Jn 


In  the  case  of  gly  collie  acid  n=0. 

The  following  are  the  acids  at  present  known  belonging  to 
this  division : — 

Glycollie  acid   |  qq^^- 

r  CMeHHo 
Lactic  acid    i  qqjjq 

n  I  ,  '  -A  fCEtHHo 
Oxybutyric  acid   \COHo  ■ 


ACIDS  OF  THE  LACTIC  SERIES. 


319 


Yalerolactic  acid 


Leucic  acid 


J  CPrHHo 
  tCOHo  • 

J  CBuHHo 
  \COHo  * 

2nd.  Etheric  Normal  Acids. — An  etheric  normal  acid  of  the 
lactic  series  is  constituted  like  a  normal  acid,  but  contains  a 
monad  organic  radical,  chlorous  or  basylous,  in  the  place  of  the 
hydrogen  of  the  non-oocatylic  hydroxyl.  The  following  is  there- 
fore the  general  formula  of  these  acids :  in  the  graphic  formula 

as  before,  may  =0. 

©  f©l 


©-©-©-© 

li  I 

©  © 


i© 


or 


J  CEHEo 
1  COHo  • 


The  number  of  possible  isomers  belonging  to  this  division  is 
very  great ;  for,  in  addition  to  those  of  which  the  normal  acids 


+ 


containing  R  of  the  same  value  are  susceptible,  a  host  of  others 

+  ± 

must  result  from  the  complementary  variation  of  E  and  R. 
The  lowest  member  of  the  division,  methylglycollic  acid  (iso- 
meric with  lactic  acid),  is  the  only  one  incapable  of  isomeric 
modification. 

The  following  examples  will  serve  to  illustrate  the  constitu- 
tion of  the  acids  belonging  to  this  division : — 

MethylglycoUic  acid  j  onir^^^- 


Ethvl-lactic  acid 


\COHo 

r  CMeHEto 
\ COHo  • 


Aceto-lactic  acid   J  CMeHAco* 

\  COHo 

3rd.  Secondary  Acids. — A  secondary  acid  of  the  lactic  series 
*  Aco  =  peroxide  of  acetyl,  C2H3O2. 


1 
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is  one  in  which  an  atom  of  carbon  is  united  with  oxatyl,  hy- 
droxy!, and  two  atoms  of  a  monad  alcohol  radical.  The 
general  formula  of  these  acids  is 


© 


01 


I©; 


© 


© 


© 


or 


CK.Ho 
COHo  • 


In  the  graphic  expression,  the  values  of  n  and  m  may  diifer  ; 

but  both  are  positive  integers,  and  neither  may  =0,    In  the 

+ 

symbolic  formula  R  must  be  a  monad  alcohol  radical.  The 
following  examples  will  serve  to  illustrate  their  constitution  : — 

Dimethoxalic  acid    |  qq|^^^- 

Ethomethoxalic  acid    |  qq^q^^^- 

Diethoxalic  acid   |  qq^^^- 

The  number  of  acids  possessing  the  same  atomic  weight,  and 
belonging  to  this  division,  is  determined,  first,  by  the  comple- 
mentary variation  of  the  two  alcohol  radicals,  and,  secondly, 
by  the  number  of  possible  isomers  of  these  radicals.  The  two 
lowest  terms  of  the  series  are  alone  incapable  of  isomeric  modi- 
fication by  either  of  the  causes  mentioned. 

4th.  JEtheric  Secondary  Acids. — These  acids  stand  in  the 
same  relation  to  the  secondary  as  the  etheric  normal  to  the 
normal  acids ;  they  consequently  contain  a  monad  organic 
radical  in  the  place  of  the  hydrogen  of  the  non-oxatylic  hy- 
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droxyl.  The  following  is  therefore  the  general  formula  of 
these  acids : — 


© 


'©1 

I 

© 


©1 
© 

®) 


© 


or 


+  ± 
J  CE^Eo 

\COHo- 


© 
I 

 ©  

©=® 

® 

5th.  Normal  Olefine  Acids. — A  normal  olefine  acid  belonging 
to  the  lactic  series  is  one  in  which  the  atom  of  carbon  united 
with  oxatyl  is  not  combined  with  hydroxyl,  and  in  which  the 
atom  of  carbon  united  with  hy droxyl  is  combined  with  not  less 
than  one  atom  of  hy  drogen.  The  following  are  the  general 
graphic  and  symbolic  formulae  of  the  acids  belonging  to  this 
division: — 


®-©Ho) 


I 

© 
[©] 


© 


+ 


or 


rCEHHo 
[COHo 


In  both  these  formulae  n  must  be  a  positive  integer  and 

+ 

cannot  =0,  but  E  may  be  either  hydrogen  or  a  monad  alcohol 
radical.  The  olefines  of  these  acids  may  belong  either  to  the 
ethylene  or  ethylidene  series. 

The  following  are  the  only  acids  at  present  known  belonging 
to  this  division  : — 

rCH^Ho 

Paralactic  acid   "{ 

COHo 
fCH,Ho 

Paraleucic  acid   \  (C^Hg)". 

[COHo 

p  5 


I 
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The  number  of  isomers  in  tliis  division  will  obviously  depend, 

first,  upon  the  complementary  variations  of  K  and  (CH^)^ ; 

secondly,  upon  the  isomeric  modifications  of  which  E.  is  sus- 
ceptible; and  thirdly,  upon  the  isomeric  modifications  of 

6th.  Etheric  Normal  Olejine  Acids. — These  acids  only  differ 
from  the  normal  olefine  acids  in  having  the  hydrogen  of  the 
non-oxatylic  hydroxyl  replaced  by  an  organic  monad  radical, 
positive  or  negative ;  their  general  formula  is  therefore. 


0-0-0. 

© 


t 

© 
©J 


© 

d)-®-(D 


or 


[CEHKo 
iCOHo 


As  in  the  fifth  division,  n  must  be  a  positive  integer  and  cannot 

+ 

=0,  whilst  R  may  be  either  hydrogen  or  a  monad  alcohol 
± 

radical ;  but  E  must  be  a  monad  compound  radical,  either  acid 
or  alcoholic. 

7th.  Secondary  Olefine  Acids. — A  secondary  olefine  acid  of 
this  series  is  one  in  which  the  atom  of  carbon  united  with 
oxatyl  is  not  combined  with  hydroxyl,  and  in  which  the  atom 
of  carbon  united  with  hydroxyl  is  also  combined  with  two 
monad  alcohol  radicals,  as  shown  in  the  following  formulae : — 


0-0-0 

II 


©1 

© 

© 


©-©-© 


rCE^Ho 

(CH.)"«. 
COHo 


In  both  of  these  formulse  n  must  be  a  positive  integer  and 

cannot  =  0,  and  E  must  be  a  monad  alcohol  radical. 

8th.  JEtheric  Secondary  Olefine  Acids. — These  acids  are 
related  to  the  secondary  olefine  acids  in  the  same  way  as  the 
sixth  division  to  the  fifth.  No  member  of  the  seventh  or  eighth 
division  has  yet  been  formed. 
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Formation  of  the  Normal  Acids. — 1.  By  the  oxidation  of 
the  glycols,  or  diacid  alcohols. 

fCH,Ho     ,     o     -     JCH^Ho  , 

Glycol.  Glycollic  Water. 

acid. 

2.  By  the  oxidation  of  the  C„H2„4.iHo  alcohols: — 

4.         O  =  /CJH^HO  ,  QTT 

CH,Ho    +    ^3    =     jcOHo  + 

Ethylic  GrlycoUic  Water, 

alcohol.  acid. 

3.  Trom  the  fatty  acids,  by  converting  them  first  into  chlo- 
ro-substitution  acids,  and  then  acting  upon  these  compounds 
with  potassic  hydrate : — 

rC(C„H2n+l)H2      ,     ni      _      f  C(C„H2„+i)HCl        ,        TT(^l  . 

Fatty  acid.  Chlorofatty  acid.  Hydrochloric^ 

acid. 

C(aH2„,i)HCl  ,   ^-fx^  _    rC(CA,+,)HHo  . 

Chlorofatty  acid.  Potassic  H'ormal  acid  of  the  Potassic 

hydrate.  lactic  series.  chloride. 

Formation  of  Secondary  Acids. — By  the  action  of  the  zinc 
compounds  of  the  monad  radicals  upon  ethylic  oxalate,  and 
the  subsequent  addition  of  water  : — 

\  COEto  ^  ^^n(^nti2n+i)2  -  I  COEto 

Ethylic  Zinc  compound  of 

oxalate.  monad  radical. 

+    Zn(C„H2^0Eto ; 

f  C(C A„+;),(Zn"CA„+,0)   ,  _    r  C(C,.H,„+O.Ho 

\  COEto  ^^^^  ~   \  COEto  . 

Water.  Secondary  acid. 

+  4-  ZnHo,. 

Hydride  of  Zincic 
radical.  hydrate. 
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Formation  of  Olefine  Acids. — By  unitirig  a  dyad  radical  with 
{•arbonic  oxydichloride  (pJiosgene  gas)  under  tlie  influence  of  sun- 
light, and  subsequently  acting  upon  the  product  with  potassic 
hydrate : — 

|chJ    +    ^^^^^     -  jcH^CCOCl)' 

Ethylene.       Carbonic  oxydi-  /3  Chlorpropionylic 

chloride.  chloride. 
(Phosgene  gas.) 

{SifcOCD+^I^Ho  =  {§|5"oKo)  +  2KCl+OH,. 

j3  Chlorpropionylic     Potassic  Potassic  Potassic  Water, 

chloride.  hydrate.  paralactate.  chloride. 

Belations  of  the  Lactic  to  the  Acetic  Series  of  Acids. 

1.  The  transformation  of  the  acetic  or  fatty  into  the  normal 
lactic  series  of  acids  has  been  mentioned  above  (p.  323). 

2.  The  converse  operation  is  effected  with  the  normal  and 
secondary  acids  of  the  lactic  series  by  means  of  hydriodic  acid : — 

J  C(C„H2„+i)(C,^H2^4.i)Ho    oTTj  _  /  C(C„Il2„_f.i)(C,„H2m+i)H 
ICOHo  +'^-^^-\COHo 

Acid  of  lactic  series.         Hydriodic  Acid  of  acetic  series. 

acid. 

+    OH,    +  I,. 

Water. 

If  711  does  not  =0  the  fatty  acid  will  be  a  secondary  one, 
like  the  member  of  the  lactic  series  from  which  it  is  derived. 


JRelations  of  the  Lactic  to  the  Acrylic  Series  of  Acids. 

If  the  ethereal  salts  of  the  secondary  acids  of  the  lactic  series 
be  treated  with  phosphorous  trichloride,  the  ethereal  salts  of  the 
secondary  acids  of  the  acrylic  series  are  produced : — 

Q  /  C(C„H2„4.i)(C„jIl2,„+i)Ho  ,  x>p]   Q  f  C!(C„H2,j+i)(C„iIl2^)" 

^  COEto  -hi-^ig-'^  I  COEto  , 

Ether  of  lactic  series.        Phosphorous  Ether  of  acrylic  series. 

trichloride. 

+    POHHo,    +  3HCL 

Phosphorous  Hydrochloric 
acid.  acid. 
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This  reaction  has  not  yet  been  produced  in  the  case  of  the 
normal  acids  of  the  lactic  series. 

A  secondary  lactic  acid  minus  01^^=  an  acrylic  acid.  The 
reverse  of  this  operation  has  not  been  performed. 

LACTIC  ACID. 

r  CMeHHo 
1 COHo  ' 

Sp.  gr.  1-215. 

Occurrence. — In  sour  milk,  Saiierlcraut,  fluids  of  muscular 
tissue,  gastric  juice,  saliva  of  diabetic  patients.  In  the  acid 
liquor  of  starch-factories,  in  blood,  urine,  tears,  bile,  &c.  It  i& 
also  a  general  product  of  putrefactive  fermentation.  The  acid 
contained  in  animal  fluids  \^  paralactic  acid  (see  p.  327). 

Preparation. — By  fermenting  sugar  with  putrid  cheese. 

Por  other  processes,  see  pages  329  and  330. 

Its  salts  have  the  following  general  formulae : — • 

f  CMeHHo 
j  CMeHHo  1C0-0^. 
\  COMo     •  J  CO-0^^^  • 

\  CMeHHo 

Salts  of  monad  metals.  Salts  of  dyad  metals. 

Isomerism  in  the  Lactic  Series. 
The  synthetical  study  of  the  acids  of  this  series  aflbrds  an 
insight  into  numerous  and  interesting  cases  of  isomerism. 
Commencing  with  the  lowest  member  of  the  series,  we  have 
for  glycoUic  acid  the  formula 

© 
0-0-0 


t 
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• 

An  inspection  of  this  formula  shows  that  glycoUic  acid 
admits  of  no  isomeric  modification,  except  with  a  total  change 
of  type.  The  part  of  the  formula  below  the  dotted  line  repre- 
sents oxatyl,  which  canaot  be  altered  without  sacrificing  the 
acid  character  of  the  compound ;  there  remains  therefore  only 
the  part  of  the  formula  above  the  dotted  line,  which  admits  of 
the  following  modification : — 

© 

•  ©-©-© 

The  acid  represented  by  the  formula  so  modified  no  longer 
comes  within  the  definition  of  the  lactic  series.  It  is  carbo- 
methylic  acid,  and  differs  essentially  from  glycoUie  acid  and 
the  lactic  series  in  general,  inasmuch  as  the  carbon  of  its 
chlorous  radical,  oxatyl,  is  linked  to  the  carbon  of  the  basylous 
radical  by  oxygen*. 

*  Bearing  this  constitution  of  carbomethylic  acid  in  mind,  we  have  only 
to  go  one  step  further  in  order  to  perceive  the  constitution  of  carbonic  acid 
itself,  and  the  anomalous  basicity  of  this  acid ;  for  if,  in  the  above  graphic 
formula  for  carbomethylic  acid,  we  replace  the  methyl  by  hydrogen,  we  have 

© 

(«KD^  © 

©  d) 

.  ©  (2) 

Carbomethylic  acid.  Carbonic  acid. 

It  is  thus  evident  that  the  radical  oxatyl,  when  united  with  hydroxyl,  has 
sufficient  chlorous  power  to  produce  a  feebly  dibasic  acid ;  but  inasmuch  as 
carbonic  acid  is  not  included  in  the  category  of  organic  acids,  it  forms  no 
exception  to  the  law  that  an  organic  acid  containing  n  atoms  of  oxatyl  is 
7i-basic. 
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There  being  no  decisive  evidence  that  Tiomolactic  acid  differs 
from  glycollic  acid,  experiment  and  theory  both  agree  in 
asserting  that  the  formula  CgH^Og  represents  only  one  acid  in 
the  lactic  series. 

Proceeding  now  one  step  higher  in  this  series,  we  have  in 
the  formula  of  lactic  acid  an  expression  capable  of  the  following 
three  variations  without  quitting  the  lactic  type : — 


No.  1. 

© 
©  ^ 
©-<!>©-© 
©  (^=® 

© 


Or,  expressed  symbolically : — 


No.  1. 

CMeHHo 
COHo 


No.  2. 


{ 


CH.Ho 


CH,(COHo)  ^M5ofe, 


CH,Ho 


No.  3. 

© 

©-<£>-© 

©_(?Hh) 

No.  3. 

f  CH^Meo 
\COHo  • 


All  the  acids  represented  by  the  above  formulae  are  known. 
The  first  expresses  the  constitution  of  lactic  acid,  which 


series. 


belongs  to  the  normal  division  ^  |  qq^"^^^ 

described  at  page  317 ;  the  second  shows  the  atomic  arrange- 
ment of  paralactic  acid ;  whilst  the  third  represents  methyl- 
glycollic  acid.  The  proof  that  the  first  two  of  these  acids  are 
so  constituted  is  afforded  by  the  synthetic  processes  sometimes 
employed  to  produce  them ;  for  ethylidene  cyanhydrate  is  con- 
verted by  ebullition  with  potash  into  a  salt  of  lactic  acid, 
whilst  ethylene  cyanhydrate  is  transformed  under  similar  cir- 
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cumstaiices  into  paralactic  acid.  It  has  also  been  mentioned 
above  that  hj  the  action  of  phosgene  gas  upon  ethylene,  para- 
lactic acid  is  produced.  Now  the  formation  of  ethylidene,  or 
rather  of  its  compounds,  scarcely  leaves  a  doubt  that  this  body, 
if  isolated,  would  have  the  following  atomic  constitution  : — 


it  would  consist  of  an  atom  of  methyl  and  an  atom  of  hydrogen, 
both  united  with  an  atom  of  carbon,  two  of  whose  bonds  satisfy 
each  other.  Thus  the  formation  of  ethylidene  dichloride  from 
aldehyde  and  phosphoric  chloride  takes  place  as  follows : — 

{§Hb    +    ^Cl,    =    {gH^^i^    +  POCI3, 

Aldehyde.         Phosphoric  Ethylidene  Phosphoric 

chloride.  dichloride.  oxytrichloride. 

the  oxygen  in  the  aldehyde  being  simply  replaced  by  chlorine. 
There  now  only  remains  one  possible  formula  for  ethylene,  viz. 

© 

r©-©  „rcH„ 

I         _    or    ^  oxT  • 

I 

© 

Such,  then,  being  the  constitution  of  ethylidene  and  ethylene, 
it  follows  that  the  former  ought  to  give  rise  to  an  acid  of  the 
constitution  shown  in  formula  No.  1,  whilst  ethylene  should 
produce  an  acid  agreeing  with  formula  No.  2.  The  acids 
actually  produced  from  these  sources  are  lactic  and  paralactic 
acids ;  hence  No.  1  is  the  constitutional  formula  of  lactic  acid, 
and  No.  2  that  of  paralactic  acid,— a  conclusion  which  harmo- 
nizes perfectly  with  all  the  reactions  in  which  the  production 
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of  these  acids  can  be  traced.  Thus  in  the  formation  of  lactic 
acid  by  the  oxidation  of  propylic  glycol,  we  have 

fCMeHHo     ,     ^  rCMeHHo     ,  ^stt 

\  CH,Ho       +^2    =    1  cOHo  + 

Propylic  glycol.  Lactic  acid.  Water. 

Again,  in  the  production  of  this  acid  from  ethylidene  cyan- 
hydrate, 

CHHo(CN"')  +  lcHko(COKo)  + 

Ethylidene  Potassic     Water.  Potassic  lactate.  Ammonia, 

cyanhydrate.  hydrate. 

The  formula  given  for  potassic  lactate  in  this  equation  is  only 
apparently  dilferent  in  type  from  that  previously  used  for  lactic 
acid,  since 

r  CK  ^^;r  TTTT  /^nj^  \        /  CMellHo 

icHHo(COKo)    =  CMeHHo(COKo)    =  |  ^^^^  . 

In  the  reaction  by  which  chloropropionic  acid  is  transformed 
into  lactic  acid  we  have  the  following  change  : — 

{gM^O^  +  2KH0  =  {gM^Ho  ^  ^ 

Chloropropionic  Potassic  Potassic  lactate.       Potassic  Water, 

acid.  hydrate.  chloride. 

The  production  of  lactamic  acid  (alanin),  and  that  of  lactic 
acid  from  the  latter  by  the  action  of  nitrous  acid,  are  also 
clearly  confirmatory  of  the  above  view. 

CH3  .  c^"'    QTT  ,  TTpi    |CMeH(N"'H,)  , 

Ammonic      Hydrocyanic  Water.    Hydro-  Lactamic  acid  Ammonic 

aldehyde.  acid.  chloric  (alanin).  chloride. 

acid. 

fCMeH(N"'HJ  _  fCMeHHo     qH   +  N 

jCOHo  +  iMU±io  -  I  COHo      +  +  ^^2- 

Lactamic  acid  Nitrous  Lactic  acid.  Water, 

(alanin).  acid. 

Not  the  least  interesting  reaction  illustrative  of  the  consti- 
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tution  of  lactic  acid  is  the  formation  of  this  acid  by  the  action 
of  nascent  hydrogen  upon  pyruvic  acid : — 

rCOMe  ,  TT  _  [CMeHHo 
tCOHo    +  -     jcOHo  • 

Pyruvic  acid.  Lactic  acid. 

By  an  analogous  reaction,  glyoxalic  acid,  which  is  the  next 
lower  homologue  of  pyruvic  acid,  has  been  transformed  into 
gly collie  acid. 

JCOH  ,  -rr  _  rCH,Ho 
1  COHo    +  -    j  cOHo  • 

Glyoxalic  acid.  GlycoUic  acid. 

In  a  similar  manner  it  can  be  demonstrated  that  the  above 
formula  No.  2  expresses  the  constitution  of  paral^ctic  acid, 
which  belongs  to  the  fifth  or  olefine  division  of  these  acids, 


 +. 

/ CEHHo 

l(CH,)';(COHo) 


r  CEHHo 
COHo 


That  paralactic  acid  possesses  this  constitution  is  proved, 
first,  by  its  production  from  cyanhydric  glycol — 

CH:(CN"')+  +  OH,  =  jcH^^     +  NH,; 

Cyanhydric  Potassic  Water.  Potassic  Ammonia, 

glycol.  hydrate.  paralactate. 

and  secondly,  by  its  formation  from  phosgene  gas  and  ethylene 
(see  p.  324). 

By  the  action  of  water  upon  the  chloride  of  (3  chlorpropionyl, 
a  body  of  the  composition  of  chloropropionic  acid  is  obtained ; 
but  inasmuch  as  this  body  yields  paralactic  acid  by  ebullition 
with  potash,  whilst  chloropropionic  acid  gives  under  the  same 
circumstances  lactic  acid,  it  follows  that  the  former  chloro-acid 
must  be  isomeric,  and  not  identical,  with  the  latter.  Now, 
although  the  formula  of  propionic  acid  does  not  admit  of  any 
isomer,  yet  that  of  chloropropionic  acid  does,  as  is  seen  in  the 
following  graphic  formulae : — 
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No.  1. 

© 

©-©-© 
©-©-© 

© 


No.  2. 
ST 


(H^(C)-© 

©-^KS 

© 


A  comparison  of  these  formulae  with  those  of  lactic  and  para- 
lactic  acids  (p.  327)  shows  at  a  glance  that  No.  1  is  the 
chloropropionic  acid  which  yields  lactic  acid,  whilst  No.  2  is 
iso-chloropropionic  acid,  w^hich,  by  the  substitution  of  its 
chlorine  by  hydroxyl,  must  yield  paralactic  acid.  By  the  action 
of  nascent  hydrogen,  both  isomeric  chlorides  "will  obviously 
produce  the  same  propionic  acid. 

The  cause  of  the  isomerism  of  methyl- glycollic  acid  (No.  3, 
p.  327)  is  so  obvious  as  to  require  no  further  explanation. 
Proceeding  to  the  next  higher  stage  in  the  series,  such  is  the 
rapid  increase  of  isomerism,  that  we  now  encounter  no  less  than 
eight  possible  isomers,  all  within  the  lactic  family. 


Normal. 
No.  1. 

CEtHHo 
COHo  • 


Secondary. 
No.  2. 

r  CMe^Ho 
jCOHo  • 

Normal  oleflne. 


Etherie  normal. 

 A  


No.  3. 

r  CH^Eto 
ICOHo  • 


No.  5. 

rCH^Ho 
CH, 

COHo 


No.  6. 

rCH^Ho 
<  CMeH. 
COHo 


No.  7. 

f  CMeHHo 
iCH,  • 
[COHo 


No.  4. 

J  CMeHMeo 
t  COHo 


Etherie  normal  oleflne. 
No.  8. 


r  CH.Meo 
CH, 
COHo 


Of  these  acids,  Nos.  1,  2,  and  3  are  known.  No.  1  is  oxy- 
butyric  acid ;  No.  2  is  dimethoxalic  acid,  which  is  probably 
identical  with  acetonic  acid.    On  this  assumption,  the  forma- 
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tion  of  the  latter  by  the  action  of  hydrocyanic  and  hydrochloric 
acids  upon  acetone  is  easily  intelligible  : — 

{  coke  +  +  20H,  +  HCl  =  {  g^^f  °  +  NH.Cl. 

Acetone.      Hydrocyanic       Water.       Hydro-  Aeetonic  or 

acid,  chloric  acid,   dimethoxalic  acid. 

The  third  of  the  above  formulae  is  that  of  ethyl-glycoUic  acid. 

Of  the  possible  acids  containing  five  atoms  of  carbon,  only 
two,  viz.  ethomethoxalic  acid  and  valerolactic  acid,  are  known. 
The  cause  of  the  isomerism  of  these  two  acids  is  seen  at  once 
from  an  iaspection  of  their  constitutional  formulae: — 


Ethomethoxalic  acid 
Valerolactic  acid  ... 


/  CEtMeHo 
•tCOHo  • 

/  CPrHHo 
•  iCOHo  • 

Of  acids  containing  six  atoms  of  carbon,  the  following  three 
are  known  : — 

T-      .  rCBuHHo 

-Leucic  acid   <  qqjj^ 


Diethoxalic  acid  |  CO^^^* 


CH^Ho 

Paraleucic  acid   -{  (C^H^)". 

COHo 

The  above  formula  for  leucic  acid  is  founded  upon  a  reaction 
for  the  synthetical  production  of  this  acid  from  valeric  aldehyde 
and  hydrocyanic  acid.  Valeric  acid  contains  butyl ;  conse- 
quently valeric  aldehyde  has  the  constitution  expressed  by  the 

{Bu 
COH'  reaction  in  question  may  therefore 

be  explained  by  the  following  equation : — 

Aromonie         Hydro-     Water.    Hydro-  Leucin.  Ammonic 

valeric  aldehyde.     cyanic  chloric  chloride, 

acid.  acid. 
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Such  being  the  rational  formula  of  leucin,  its  transformation 
into  leucic  acid  by  nitrous  acid  determines  the  constitution  of 
leucic  acid : — 

/  CBuH(N'"H,)   ,  j^^^       f  CBuHHo  ,  nTT  _l  ^ 

Leucin.  Nitrous  acid.  Leucic  acid.  Water. 


CHAPTER  XLI. 

THE  ACIDS. 

4.  FYRVriC  SERIES. 

•       aeneral  formula  /  SSff  ^-^'""^ • 

[  COxio 

In  this  formula  n  may  =  0. 

The  following  list  contains  all  the  known  members  of  this 
series : — 

COH 


Gly oxalic  acid   |  COHo* 

Pyruvic  acid    |  qq^q*  Boils  at  165°. 

Convolvulinoleic  acid ...  |  cOHo  ^^^^^ 

Jalapinoleic  acid   {cOHo"^''^*  " 

Eicinoleic  acid    {cOHo"^'''^-        »  ^° 

The  first  two  members  only  of  this  series  are  well  known. 

These  acids  are  the  semialdehydes  and  semiketones  of  oxalic 
acid,  and  they  stand  in  much  the  same  relation  to  this  acid 
as  that  which  acetic  aldehyde  occupies  with  regard  to  acetic 
acid : — 

CH3  fCH3 
COHo'  jCOH- 

Acetic  acid.  Acetic  aldehyde. 
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JCOHo 
t  COHo  • 

Oxalic  acid. 


rcoH 

t  COHo- 

Glyoxalic  acid. 


The  same  chemical  change,  when  repeated  upon  the  other 
half  of  oxalic  acid,  converts  this  acid  into  a  true  aldehyde,  viz. 

Glyoxal  ...  |qqj^. 

Both  glyoxal  and  glyoxalic  acid  are  produced  by  the  oxidation 
of  ethylic  alcohol  by  nitric  acid : — 


CH3 
CH^Ho 

Ethylic 
alcohol. 


+ 


O3  = 


JCOH 
\COH 

Glyoxal. 


+  o  = 


JCOH 
[COH 

Glyoxal. 

JCOH 
tCOHo* 

Glyoxalic 
acid. 


+  20H 


2  > 


Water. 


Glyoxalic  acid  reduces  silver  salts  like  an  aldehyde,  and  is 
transformed  into  oxalic  acid : — 


tCOHo    +    ^  - 


Glyoxalic 
acid. 


COHo 
COHo' 

Oxalic 
acid. 


These  reactions  show  clearly  the  relations  of  the  pyruvic 
series  to  oxalic  acid. 

The  pyruvic  series  is  also  closely  related  to  the  lactic  series 
— the  first  two  members  of  the  former  absorbing  hydrogen  and 
being  converted  into  glycol] ic  and  normal  lactic  acids  respec- 
tively : — 


JCOH 
t  COHo 

Glyoxalic 
acid. 


COMe 
COHo 

Pyruvic 
acid. 


+    H  = 


+    H,  = 


CH,Ho 
COHo  • 

Glycollic 
acid. 


J  CMeHHo 
I COHo  • 

Lactic 
acid. 
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5.  TRE  GLTOXYLIC  SEBIJES  OF  ACIDS. 


General  formula . . .  |  or 


COHo 


In  the  second  formula  n  may  =0. 

The  two  following  acids  of  this  series  are  known : — 

Physical  condition. 

Syrupy,  crystalline  hydrate. 


Glyoxylic  acid 
Glyceric  acid 


Formula. 

CHHo, 
COHo  • 

CH^Ho 
CHHo. 
COHo 


Syrupy. 


These  acids  are  dihydric,  but  monobasic,  and  are  related  to 
the  glycerin  series  of  alcohols  in  the  same  way  in  which  the 
members  of  the  lactic  series  are  related  to  the  glycols : — 

/  CH,Ho 
\  COHo  • 

Glycollic  acid. 


r  CH,Ho 
\  CH^Ho- 

Glycol. 


rCH,Ho 
CHHo. 
CH,Ho 


'CH,Ho 
CHHo. 
COHo 

Glyceric  acid. 


Glycerin. 

Glyceric  acid  has  hitherto  been  but  little  investigated. 


CHAPTEE  XLII. 

THE  ACIDS. 

6.  TRE  BENZOIC  OB  ABOMATIQ  SEBIES  OF 

ACIDS. 

General  formula  . . .  j  ccfn'^''"^^'^'- 
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The  following  terms  of  this  series  are  known : — 

Euses  at  60°. 
Puses  at  100°. 

Euses  at  121°-4. 


Fuses  at  92°. 

These  acids  have  the  same  constitution  as  those  of  the  acetic 
series,  but  contain  the  C„H2n_7  radicals. 

They  have  been  much  less  studied  than  the  acetic  series,  and 
further  investigation  will  probably  bring  to  light  other  series 
holding  towards  them  the  same  relation  as  the  acrylic,  gly collie, 
pyruvic,  and  glyoxylic  series  bear  to  the  acetic  series.  Already 
an  acryloid  acid  of  this  section  is  known  corresponding  to  an 
unknown  homologue  of  benzoic  acid : — 

rc(c,H,)H.  rccanj'H 

\COHo       •  jCOHo 

Unknown  acid.  Cinnamie  acid. 

Cinnamic  acid  is  decomposed,  like  the  acids  of  the  acrylic 
series,  when  treated  with  fused  potassic  hydrate  ;  it  gives,  under 
these  circumstances,  potassic  acetate  and  benzoate.  Eor  the 
analogous  reaction  in  the  acrylic  series  see  p.  314. 

Salicylic  acid  is  the  lactic  acid  of  benzoic  acid : — 

r  C(C,H,)H,  r  C(C,H3)HHo  . 

[COHo       •  \COHo 

Benzoic  acid.  Salicylic  acid. 

and  the  oil  of  meadow-sweet  (Spircea  ulmaria)  is  generally  re- 
garded as  the  aldehyde  of  salicylic  acid  :  — 

rCCC,H3)HHo 
\COH 


Phenoic  acidl         f  C.H 


Collinic  acid  I        |  COHo* 
Benzoic  acid   |  qqjJ^^'^  ^' 

Toluylic  acid   {cOH^''^^' 

Cuminic  acid           |  qq^^^"^^^ 
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BENZOIC  ACID. 

fC(C,H3)H, 
t  COHo 

Molecular  weight  =122.    Molecular  volume  fTl'    1  ^^^^^ 
benzoic  acid  vapou/r  weighs  61  criths.    Fuses  at  121°'4. 
Boils  at  239°. 

Occurrence. — In  many  balsams  and  gums.    In  putrid  urine. 
Preparation. — 1.  By  the  oxidation  of  oil  of  bitter  almonds 
(p.  295). 

2.  By  the  action  of  fused  potassic  hydrate  on  cinnamic 
acid : — 


f  C(C,H,)"H      jjjj  _  r  CH3         1  C(C,H3)H, 
\  COHo       +  ~  \  COKo  +  \  COKo 

Cinnamic  Potassic  Potassic  Potassic 

acid.  hydrate.  acetate.  benzoate. 

3.  By  boiling  hippuric  acid  with  hydrochloric  acid : — 
C.H,N03    +    OH,    =    C,H.NO,    +  {cSho'''^' 


Hippuric  Water.  Glycocin.  Benzoic 

acid.  acid. 

4.  By  the  action  of  oxidizing  agents  on  casein  or  gelatin. 

5.  From  gum  benzoin,  by  sublimation,  or  by  extraction  with 
potassic  hydrate  and  subsequent  precipitation  of  the  acid  by 
hydrochloric  acid. 


CHAPTEK  XLIII. 

THE  ACIDS. 

DIBASIC  ACIDS. 
General  formula...  A(COHo),  or  { b^^qqHo)' 

A  and  B  being  dyad  radicals  containing  C„H,„0;. 

These  acids  aU  contain  two  atoms  of  oxatyl ;  and  if  in  the 

Q 
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general  formula  n,  m,  and  Z  =  0,  oxalic  acid  will  be  the  first  term 
of  the  series. 

Formation. — Many  of  the  dibasic  acids  are  produced  by  the 
oxidation  of  substances  richer  in  carbon,  such  as  oils  and  fats. 
Others  are  found  ready  formed  in  nature. 

Reactions. — 1.  By  the  action  of  dehydrating  substances,  and 
even  sometimes  by  heat  alone,  these  acids  lose  water,  forming 
anhydrides : — 

fA(COHo)  _  OH  +  l^^^^0\ 
tB(COHo)     "  +  tB(CO^/ 

Acid.  Water.  Anhydride. 

2.  If  the  anhydride  be  submitted  to  the  action  of  phosphoric 
chloride,  an  atom  of  oxygen  is  replaced  by  two  of  chlorine : — 

{tg^o)  +  =    {Ajcoci)  ^  POO,. 

Anhydride.  Phoaphorie  Chloride.  Phosphoric 

chloride.  oxytrichloride. 

3.  Both  the  anhydrides  and  the  chlorides  are  reconverted 
nto  the  acids  by  the  action  of  water : — 

fA(COCl)         20H     -    JA(COHo)  -^^^ 
IB(COCI)    +  -    tB(COHo)  + 

Chloride.  Water.  Acid.  Hydrochloric 

acid. 

The  dibasic  acids  may  be  divided  into  the  four  following 
series : — 

1.  buccimc  or  acetoid  series  |  C  H  (COHo)  * 

In  the  first  member  of  the  series  m  =0. 

2.  Fumaric  or  acryloid  series   {  cfc(COT^^^^ 

3.  Malic  or  lactoid  series   j  n"5''7'^w^x^^'^^ 

4.  Tartaric  or  glyoxyloid  series  ...  (  ^g^-l^ig^^g:}. 

The  first  and  second  series  are  dibasic  and  diJiydric,  the  third, 
dibasic  and  trihydric,  and  the  fourth,  dibasic  and  tetrahydric. 
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1.  THE  svccijsric  or  acetoid  subius. 

rcoHo 

[  COHo 


General  formula ...  ^ 


rCOHo 

C„H 


or  ]  C,,H2„  . 

COHo 


The  following  members  of  this  series  are  known  :- 

Fuses  at  140° 


rcoHo 

Malonic  acid   i  CH^ 


Succinic  acid  .... 
Pyrotartaric  acid 

Adipic  acid  

Pimelic  acid   

Suberic  acid   


Puses  at  180°.   Boils  at  235° 


[COHo 
rCOHo 

COHo 
fCOHo 

\  CgHg  .  Puses  at  112°.  Boils  at  200°. 
tCOHo 

rCOHo 


C  H 
COHo 

rcoHo 

C  H 
COHo 

rcoHo 

COHo 
COHo 

Anchoic  acid   C^H 


Sebacic  acid. 


Puses  at  140°. 
Puses  at  134°. 
Puses  ^t  125°. 
Puses  at  116°. 
Puses  at  127°. 


E-occeUic  acid 


COHo* 
fCOHo 

COHo 
^COHo 

C^gHgo.  Puses  at  132°.  Boils  at  200°. 
COHo 


It  is  obvious  that  there  may  be  several  modifications  of  each 
of  these  acids.  Thus  there  may  be  two  succinic  acids,  one 
containing  ethylene,  and  the  other  ethylidene  (see  p.  346)  : — 


rcH,(coHo)     .  rcH3 

tCH,(COHo)    ^""^  tCH(COHo); 


q2 
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1.  Relations  of  the  Succinic  to  the  Lactic  Series  of  Acids  and  to 

the  Glycols. 

These  acids  are  related  to  the  lactic  series  and  to  the  glycols 
in  the  same  way  as  the  fatty  acids  are  related  to  the  monacid 
alcohols : — 

rCH^Ho  rCH^Ho  JCOHo 

I  CH^Ho'  t  COHo  •  I  COHo- 

Grlycol.  Glycollic  acid.  Oxalic  acid. 

This  relation,  however,  does  not  strictly  extend  beyond  the 
first  member,  although  it  may  be  partially  traced  in  the  rela- 
tions of  malonic  and  adipic  acids  to  paralactic  and  paraleucic 
acids : — 


CH,(CH,Ho) 
CH^Ho 

Iso])ropylic  glycol. 
(Unknown.) 


f  C,H.(CH,Ho) 
1  CH,Ho 

Unknown  glycol. 


CII.(CH,Ho) 
COHo 

Paralactic  acid. 

C,H,(CH,Ho) 
COHo 

Paraleucic  acid. 


J  CH/COHo) 
I  COHo 

Malonic  acid. 

r  C,H,(COHo) 
\  COHo 

Adipic  acid. 


2.  Relations  of  the  Succinic  Series  to  the  Dyad  Radicals. 
1.  The  succinic  series  is  intimately  related  to  the  dyad 
radicals,  the  cyanides  of  which  are  readily  converted  into 
dibasic  acids  by  ebullition  with  potassic  hydrate  or  hydrochloric 
acid : — 

C„H2.(CN"')  ^  2KHo  +  20H  =  /  CA.(COKo) 


CA„(CN"') 

Potassic 
hydrate. 

2.  Some  of  these  acids, 


Cyanide  of  the 
dyad  radical. 


Water. 


CAn(COKo)  +  2^^3. 

Potassic  salt  of  the  Ammo- 
dibasic  acid.  nia. 


when  heated  with  excess  of  caustic 
baryta,  give  up  two  atoms  of  carbonic  anhydride,  yielding  the 
hydrides  of  the  dyad  radicals : — 

rCOHo 

=  2C0. 


C  H 

COHo 

Suberic  acid. 

rcoHo 

COHo 

Sebacic  acid. 


Carbonic 
anhydride. 


=    2C0,    +  (C,HJ"H, 


Carbonic 
anhydride. 
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These  reactions  are  the  analogues,  in  the  dyad  series,  of 
the  one  by  which  marsh-gas  is  obtained  from  acetic  acid.  The 
hydrides  of  the  dyad  radicals  so  obtained  are  isomeric  with 
those  of  the  corresponding  monad  radicals. 

The  elimination  of  carbonic  anhydride  from  a  monobasic 
acid  can  only  take  place  once,  while  from  a  dibasic  acid  it  takes 
place  in  two  successive  stages : — 

In  the  case  of  a  monobasic  acid, 

C0„     =  C^Hsn+iH. 


[ COHo  ~ 


In  the  case  of  a  dibasic  acid, 

1  4.  .  rCA^CCOHo) 
ist  stage  ...  jcA^CCOHo) 


CO.  = 


COHo 


2nd  stage... 


OnH2M+l 

COHo 


-  CO. 


-  { 


2n+l 


C„H 


3.  delations  of  the  Succinic  to  the  Acetic  Series  of  Acids. 

1.  By  the  loss  of  the  elements  of  carbonic  anhydride,  the 
first  three  members  of  the  succinic  series  are  converted  into 
members  of  the  acetic  series,  containing  one  atom  of  carbon 
less : — 


rCOHo 
\COHo 

Oxalic  acid. 


rcoHo 

COHo 

Malonic 
acid. 


rcoHo 

COHo 

Succinic 
acid. 


=   CO,  + 

Carbonic 
anhydride. 

=    CO,  + 


Carbonic 
anhydride. 


=   CO,  + 


Carbonic 
anhydride. 


\  COHo- 

Formic  acid. 

JCH3 

\  COHo- 

Acetic  acid. 


J  CMeH, 
\COHo  • 

Propionic 
acid. 
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In  the  first  two  cases  tlie  action  of  heat  alone  is  sufficient 
to  effect  the  transformation ;  but  in  the  third  the  attraction  of 
lime  for  carbonic  anhydride  must  be  superadded. 

2.  Conversely,  the  members  of  the  acetic  series  may  be  con- 
verted into  those  of  the  succinic  containing  one  atom  of 
carbon  more,  by  replacing  one  atom  of  the  methylic  hydrogen 
in  acetic  acid  by  cyanogen,  and  then  boiling  with  potassic 
hydrate : — 

fCH,(CN-)  _    rCH,(COKo)  ^ 

tCOHo  +  ~   \COKo  ^ 

Cyanacetic  acid.  Potassic  Potassic  malonate.  Ammonia. 

hydrate. 

The  conversion  of  formic  acid  into  oxalic  acid,  by  heating 
with  potassic  hydrate,  also  belongs  to  this  class  of  reactions : — 

2  { COHo   +   2KHo   =  {gg|«   +   20H,   +  H,. 

Formic  acid.  Potassic  Potassic  Water, 

hydrate.  oxalate. 


SUCCINIC  ACID. 

rcoHo 

[  COHo 
Fuses  at  180°.    Boils  at  235°. 

Occurrence. — In  amber;  in  some  kinds  of  lignite;  in  the 
resin  of  some  kinds  of  pine ;  also  in  many  other  vegetable  and 
animal  substances. 

Formation. — 1.  By  the  action  of  potassic  hydrate  upon  ethy- 
lenic  cyanide  (p.  289) :  this  reaction  proves  that  succinic  acid 
contains  ethylene,  and  that  its  constitutional  formula  is  as 
above  given ;  but  an  isosuccinic  acid  must  be  capable  of 
formation,  though  hitherto  never  obtained.  This  acid  will 
obviously  contain  ethylidene  in  the  place  of  ethylene ;  and  its 
(  COHo 

formula  will  be  \  CMeH.    (See  p.  346.) 
[  COHo 
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2.  By  the  oxidation  of  butyric  acid  by  nitric  acid : 

rcE.H,  ,  „  . 

tCOHo 


+  0, 


+ 


OH,. 


\COHo 

Butyric  acid.  Succinic  acid.  Water. 

The  nature  of  this  reaction  is  more  clearly  seen  with  fully 
developed  formulae,  thus : — 

rCH3  rCOHo 

^  ci:  +  ^3  =  gi:  +  OH. 

COHo  ICOHo 

Butyric  acid.  Succinic  acid.  Water. 

3.  By  the  reduction  of  malic  acid  by  fermentation,  or  by 
hydriodic  acid : — 


rCOHo 
CHHo 

COHo 


+ 


COHo 

CH, 

CH„ 


+ 


OH,. 


^COHo 

Malic  acid.  Succinic  acid.  Water. 

4.  By  the  reduction  of  tartaric  acid  by  hydriodic  acid: — 
COHo 

CHHo     ,  .... 

CH, 
COHo 

Water. 


CHHo 
COHo 


+    4HI  = 


^COHo 
CH„ 


+    20K  + 


21 . 


Tartaric 
acid. 


Hydriodic 
acid. 


Succinic 
acid. 


It  is  evident  that  this  reaction  is  perfectly  analogous  to  that 
by  which  lactic  acid  is  transformed  into  propionic  acid  (p.  308). 

5.  The  two  isomeric  acids,  fumaric  and  maleic  acids,  are 
converted  by  nascent  hydrogen  into  succinic  acid : — 


{COHo 
„iCH 

;cH 

•■^COHo 


rCOHo 
CH, 
"C 

COHo 


+ 


+ 


K  = 


rcoHo 

CH, 
CH,  • 
COHo 

Succinic  acid. 

rcoHo 

CH, 
CH,  • 

,  COHo 

Succinic  acid. 
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The  two  processes  by  which  succinic  acid  is  always  prepared 
are,  the  distillation  of  amber  and  the  fermentation  of  calcic 
malate. 

'Reactions. — 1.  By  distillation,  succinic  acid  splits  almost 
entirely  into  succinic  anhydride  and  water : — 


COHo 
COHo 

Succinic 
acid. 


■n 


rco- 

0    +  OH,. 

CO  ' 

Succinic  Water, 
anhydride. 


2.  Under  the  action  of  nascent  oxygen  produced  by  electro- 
lysis, succinic  acid  yields  ethylene,  carbonic  anhydride,  and 
water : — 

f  COHo 

^C,H,      +    0    =    C,H,    +    2C0,    +  OH,. 
[  COHo 

Succinic  Ethylene.  Carbonic  Water, 

acid.  anhydride. 

3.  Succinic  acid  may  be  boiled  for  hours  with  concentrated 
nitric  acid  without  suffering  any  change  j  neither  is  it  affected 
by  a  mixture  of  potassic  chlorate  and  hydrochloric  acid ;  but  it 
produces  acetic  acid  when  distilled  with  sulphuric  acid  and 
manganic  oxide. 

4.  Succinic  acid  forms  three  kinds  of  salts,  viz. : — 


Neutral. 

rcoMo 
OA  • 

COMo 

C,B[7mo". 
CO  ' 


Acid. 

COHo 

OA  . 

COMo 


Superacid. 


rcoHo 

O.H,  , 
COMo 


fCOHo 
O2H4  . 
COHo 
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CHAPTER  XLIV. 

THE  ACIDS. 

2.  FUMABIC  OE  AGBYLOID  SERIES. 

General  formula../'  {  c,';i'r;(COHo)  CA._,(COHo),. 

In  this  series  there  are  three  isomeric  acids  containing  four 
atoms  of  carbon,  viz. 

Formula. 

Eumaric  acid  ^ 

Maleic  acid     I  "a;H,(COHo), ; 

Isomaleic  acid  J 

and  three  other  isomeric  acids  containing  five  atoms  of  carbon, 
viz. 

Itaconic  acid 

Citraconic  acid  I  ^(Cgy^H.CCOHo),. 

Mesaconic  acid  . 
Rational  notation  predicts  the  existence  of  a  fourth  acid 
belonging  to  the  four-carbon  group.    The  following  are  the 
four  possible  formulsB  for  these  acids : — 

No.  3.  No.  4. 

©  © 

(i)=©  ©  ©=© 
©-©-©-©  ©=© 

U      I  II 

©=©  ©©=© 

©  © 

-     ©  © 


rCOHo  fCOHo 
\  C("CH)H.       \  CMe"  . 
^CH    •     yc  "    •  [COHo  COHo 


COHo 


Q  5 
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Of  these  formulae,  Nos.  1  and  2  represent  fiimaric  and  maleic 
acids.  Data  are  still  wanting  to  enable  its  own  particular  for- 
mula to  be  assigned  to  each  of  these  acids  ;  but  the  first  two 
formulae  must  belong  to  fumaric  and  maleic  acids,  because  both 
these  acids  yield  succinic  acid  under  the  influence  of  nascent 
hydrogen,  thus : — 


No.  1. 
{GOHo 

ICH 
^COHo 

No.  2. 

COHo 

CH, 

COHo 


+    H  = 


rcoHo 

CH, 
COHo 


rcoHo 

CH, 
CH, 
COHo 


Succinic  acid. 


© 

0-0-0 
0-0-0 

©=© 
© 

Succinic  acid. 

CH 

ch: 


2  I  and  not 


That  succinic  acid  contains  ethylene  ^"  |  qjj^^ 
ethylidene  ^  |  "q^^^,  is  proved  by  its  formation  from  ethylenic 

cyanide  (p.  289) ;  but  formulae  Nos.  3  and  4  give,  by  the  addi- 
tion of  two  atoms  of  hydrogen,  the  formula  of  the  hitherto 
unknown  isosuccinic  acid  containing  ethylidene,  thus  : — 

0 


No.  3. 

rcoHo 

\  C("CH)H 
[  COHo 

No.  4. 

rcoHo 

\  CMe" 
[COHo 


+  H,  = 


rcoHo 

I  CMeH. 
[COHo 

rcoHo 

\  CMeH. 
[COHo 


Isosuccinic  acid. 
(Unknown.) 


© 
0  0=0 

(5>©-©-© 
©  0=0 

© 

Isosuccinic  acid. 
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Fumaric  acid  combines  directly  with  bromine,  producing 
dibromosuccinic  acid.  Maleic  acid  also  combines  directly  with 
bromine,  producing  isodibromosuccinic  acid.  The  following 
formulae  show  the  nature  of  this  isomerism : — 

Corresponding  to  No.  1. 

©  ©  ©  © 
''coHo  A  A  A  A 

CHBr  ©-©-©-© 
gg^;  ©  ®  ©  © 

©  © 

Corresponding  to  No.  2. 

®  ©  ®  ® 

©  ©  ©  © 
©  © 


COHo 

CBr, 
COHo 


When  acted  upon  by  nascent  hydrogen,  both  these  isomeric 
bromo-acids  produce,  as  might  be  expected,  the  same  succinic 
acid : — 


COHo 
CHBr 
CHBr 
COHo 


^COHo 
CH„ 


+    H,  = 


CB?, 
COHo 


+    H  = 


rcoHo 

CH, 
,COHo 

Succinic 
acid. 

rcoHo 

CH, 
CH, 
[COHo 

Succinic 
acid. 


+  2HBr 


Hydrobromic 
acid. 


+  2HBr. 


Hydrobromic 
acid. 


Inasmuch  as  formulae  Nos.  1  and  2  belong  to  fumaric  and 
maleic  acids,  it  follows  that  one  of  the  two  remaining  consti- 
tutional formulae  must  be  that  of  isomaleic  acid.    It  is  impos- 
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sible  at  present  to  determine  which  of  these  formulae  is  to  "be 
assigned  to  this  acid ;  but  in  any  case  there  can  scarcely  be  a 
doubt  that  isomaleic  acid,  when  treated  with  nascent  hydrogen, 
will  yield  isosuccinic  acid,  as  shown  above. 

Of  a  similar  character  is  the  relation  subsisting  between  the 
isomeric  acids  of  this  series  containing  five  atoms  of  carbon, 
viz.  itaconic  acid,  citraconic  acid,  and  mesaconic  acid.  There 
are  no  less  than  eleven  possible  formulae  for  this  five-carbon 
group  of  acids  ;  but  the  three  individual  formulae  belonging  to 
the  three  known  acids  cannot  at  present  be  determined.  The 
following  four  formulae  will  serve  as  specimens  of  the  whole, 
and  as  illustrations  of  the  cause  of  isomerism  in  these  acids : — 


No.  1. 

© 

No.  2. 

© 

No.  3. 
© 

No.  4. 
© 

© 

© 

1 

© 

©=© 

0=0 

©=© 

©-©^ 
©-©^ 

©0 

0-0-0 

0  ©-©-0 
1  1 

0-0-0 

©3 

©  © 

0-0-0 

(H>©-0 

0-0-0 

(h  ©=® 

©=® 

©=© 

©=© 

© 

(0) 

t 

© 

© 

^COHo 
,,  J  CH 
'CH  . 

I  COHo 

© 

f  COHo 

"C 
-<   CH,  . 
1  CH, 
COHo 

© 
f  COHo 

<;  "c 

1  CH, 
COHo 

rcoHo 

.  CH, 
CMe"  • 
COHo 

Itaconic,  citraconic,  and  mesaconic  acids  stand  in  the  same 
relation  to  pyrotartaric  acid  as  fumaric  and  maleic  acids  occupy 
with  regard  to  succinic  acid ;  for,  when  submitted  to  the  action 
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of  nascent  hydrogen,  they  all  yield  the  same  pyrotartaric  acid, 
and  it  is  therefore  highly  probable  that  the  first  three  of  the 
above  formulae  belong  to  these  acids.  The  formula  of  pyro- 
tartaric acid  is 

.  ® 


(0) 

©=® 

I 

fCOHo  ©-(S^© 

I  ci:  ®^© 

I  Ch'  r^(k_(ji) 

© 

I 

© 

Treated  with  bromine,  the  three  acids  yield  three  isomeric 
brominated  acids,  which  are  transformed  by  nascent  hydrogen 
into  the  same  pyrotartaric  acid. 


CHAPTER  XLV. 

THE  ACIDS. 

3.  MALIC  OB  LACTOID  SERIHS. 

General  formula  j  S^S^^T/Su^?"^^'^  or  \  C„H2n-iHo 

t  L.n-n.2n(^u±io;  COHo 


350 


THE  ACIDS. 


Only  two  acids  belonging  to  this  series  are  known,  viz. 
tartronic  acid  and  malic  acid.  Like  lactic  acid,  they  both  con- 
tain an  atom  of  non-oxatylic  hydroxyl : — 

© 

©  (o)  © 


Tartronic  acid. 


rCOHo 
CHHo.  0-0-0 
COHo        I      I  I 

©  ©  © 
©  © 

This  acid  may  be  regarded  as  the  product  of  the  oxidation  of 
glycerin,  although  it  has  not  yet  been  so  produced.  It  is  ob- 
tained by  the  gentle  oxidation  of  tartaric  acid  (p.  352). 

© 

,COH         ©        ©  © 
(COHo        II  I  II 

Malic  acid    \  CMeHo.     0  0  0 

I COHo         I  I  I 

©  ©-©-©  © 
(i)    ©  0 

Malic  acid  may  be  regarded  as  the  product  of  the  oxidation 

rCH^Ho 

of  the  hitherto  undiscovered  butyl  glycerin,  \  CMeHo. 

[  CH^Ho 

This  acid  is  contained  in  apples,  and  in  many  other  fruits. 
When  gently  heated  with  potassic  hydrate,  hydrogen  is  evolved, 
potassic  oxalate  and  acetate  being  produced : — 


CMeHo    +    KHo    =    {gO|«    +   [^^^  +  H, 

Potassic  Potassic  Potassic  Potassic 

malate.  hydrate.  oxalate.  acetate. 


0 
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4.  TARTARIC  OR  GLYOXYLOID  SERIES. 

This  series  contains  at  present  only  two  members  ;  but  these 
have  very  numerous  isomers,  which  have  been  studied,  however, 
only  in  the  case  of  the  first.  Like  the  glyoxylic  series,  these 
acids  contain  two  atoms  of  non-oxatylic  hydroxyl. 

rCOHo 

Tartaric  acid    *  qjjjjq- 

COHo 
fCOHo 

Homotartaric  or  glyco-  i^TiTT 

malic  acid    |  qjjjjq 

l^COHo 

The  following  are  the  varieties  of  tartaric  acid : — 

1.  Dextrotartaric  or  common  tartaric  acid. 

2.  Lsevotartaric  acid. 

3.  E-acemic  acid. 

4.  Inactive  tartaric  acid. 

5.  Metatartaric  acid. 

The  internal  arrangement  is  known  only  in  the  case  of  ordi- 
nary and  inactive  tartaric  acids,  which  are  both  represented  by 
the  above  formula. 

The  difference  between  dextro-  and  Isevo-tartaric  acids  is  only 
physical,  as  far  as  they  are  at  present  investigated. 

Racemic  acid  is  a  compound  of  dextro-  and  Isevo-tartaric 
acids.  It  may  be  produced  by  uniting  them,  and  may  again 
be  resolved  into  them. 

Inactive  tartaric  acid  cannot  be  resolved  into  dextro-  and 
Isevo-tartaric  acids. 

It  may  be  obtained  by  the  action  of  water  on  argentic  dibro- 
mosuccinate : — 


r  CO  Ago 
CHBr 

CHBr     +    20H,    =    i  CHHo    +  2AgBr. 


^COHo 
CHHo 


COAgo 


COHo 


Argentic  dibromo-  Water.  Inactive  tartaric  Argentic 

succinate.  acid.  bromide. 
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The  converse  of  this  reaction  is  the  transformation  of  tar- 
taric acid  into  succinic  acid  by  means  of  hydriodic  acid  (see 
p.  343). 

Metatartaric  acid  is  produced  by  fusing  ordinary  tartaric 
acid. 

Reactions. — 1.  Ordinary  tartaric  acid,  when  treated  with 
powerful  oxidizing  agents,  gives  formic  acid. 

'2.  Under  the  influence  of  very  gentle  oxidizing  agents,  tar- 
tronic  acid  is  formed  (p.  350). 

rCOHo 
CHHo 


rCOHo 
\  CHHo 


CHHo    +  =       CHHo    +    CO,    +  OH, 


Tartaric  Tartronic  Carbonic  Water, 

acid.  acid.  anhydride. 

3.  Heated  with  fused  potassic  hydrate,  tartaric  acid  gives  po 
tassic  oxalate  and  acetate,  but  without  evolution  of  hydrogen  :— 
fCOHo 

K"^.    -    3KH0  =   {gOKo  ^   |CH3^^  ^ 
[COHo 

Tartaric  Potassic  Potassic  Potassic  Water, 

acid.  hydrate.  oxalate.  acetate. 
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TBIBA8IC  ACIDS. 

The  tribasic  acids  all  contain  three  atoms  of  oxatyl.  They 
may  be  divided  into  the  following  four  series,  each  series  being, 
however,  at  present  only  represented  by  one  acid. 
1.  Tricarballylic  or  acetoid  series : — 

rCH,(COHo) 
TricarbaUylic  acid  ...   \  CH(COHo)  . 

CH,(COHo) 


r 
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Aconitic  or  acryloid  series  :  — 

,,(CH(COHo) 

Aconitic  acid    ]C(COHo) 

iCH^(COHo) 


Citric  or  lactoid  series  :- 
Citric  acid   


rCHHo(COHo) 
CH(COHo) 
^  CH,(COHo) 


4.  Desoxalic  or  glyoxyloid  series : — 

rCOHo 

Desoxalic  acid   


J  CHHo 
1  CHo(COHo)  • 
[COHo 

Tricarhallylic  acid  is  trihydric.  It  is  obtained  from  glycerin 
by  replacing  the  hydroxyl  in  the  latter  by  cyanogen,  and  then 
acting  upon  the  tricyanhydrin,  so  formed,  bypotassic  hydrate: — 

rCH,(CN"')  rCH,(COKo) 

\  CH(C]Sr"')  4-  3KHo  +  30H,  =  \  CH(COKo)  +8NH3. 

[CH^(CN"')  [CH,(COKo) 

Tricyan-  Potassie  Water.  Potassic  tricarb-  Ammonia, 

hydrin.  hydrate.  allylate. 

Aconitic  acid  {equisetic  acid,  citridic  acid)  is  trihydric.  It 
is  found  in  the  roots  and  leaves  of  monkshood,  and  may  also 
be  obtained  by  heating  citric  acid.  Heated  to  160°  it  is  con- 
verted into  itaconic  acid : — 

jCOHo 
„(CH(COHo)  „;CH 
]C(COHo)       =     ."^CH        +  CO,. 
1CH,(COHo)  CH, 

COHo 

Aconitic  acid.  Itaconic  Carbonic 

acid.  anhydride. 

Citric  acid  is  tetrahydric,  and  contains,  therefore,  like  lactic 
acid,  one  atom  of  non-oxatylic  hydroxy!.  It  is  found  in  the 
free  state  in  oranges,  lemons,  citrons,  and  many  other  fruits, 
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also  in  the  potato  and  the  onion.  By  the  graduated  application 
of  heat,  citric  acid  yields  aconitic,  itaconic,  and  citraconic  acids. 
At  the  earlier  stage  of  the  decomposition  it  also  yields  acetone. 
Heated  with  fused  potassic  hydrate  it  gives  potassic  oxalate 
and  acetate : — 

f  CHHo(COHo)  r  ^nir  r  nrr 

1  ciSS)  =  {  Colo  +  2  {  ggk,  +  30H, 

Citric  acid.  Potassic        Potassic  Potassic  Water, 

hydrate.         oxalate.  acetate. 

Desoxalic  acid  is  pentahydric,  and  contains,  like  glyoxylic 
acid,  two  atoms  of  non-occatylic  hydroxyl.  It  is  obtained  from 
the  product  of  the  action  of  sodium  upon  oxalic  ether. 
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The  anhydrides  are  compounds  obtained  from  the  acids,  by 
the  abstraction  of  the  hydrogen  of  their  hydroxyl,  together  with 
sufficient  oxygen  to  form  water. 

For  every  two  atoms  of  hydrogen  and  one  of  oxygen  thus 
abstracted  from  hydroxyl,  there  will  obviously  remain  one  atom 
of  oxygen,  which,  as  a  dyad  element,  exactly  satisfies  the  two 
bonds  vacated  by  the  hydroxyl : — 

2Ho    =    OH,    +  0". 

Hydroxyl.  Water. 

On  this  account,  two  molecules  of  a  monohydric  acid  are  re- 
quired to  form  one  molecule  of  anhydride,  thus  : — 

I  CMeO 

2CMeOHo    =     i  O  +  OH,. 

[CMeO 

Acetic  acid.  Acetic  Water. 

anhydride. 

The  anhydrides  of  those  monobasic  and  dibasic  acids  which 
contain  one  and  two  atoms  of  hydroxyl  have  alone  been  investi- 
gated. 
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They  may  be  divided  into  the  following  classes : — 

1.  Anhydrides  of  the  |  CO  I  CO 

monohydric  mono-<(  O  and    <J  O 

basic  acids    |C0  |C0 


2.  Anhydrides  of  the 
dihydric  monobasic 
acids   


O. 

CO 


3.  Anhydrides  of  the  r  CO  , 

dihydric  dibasic  <  C«H2«  O. 
acids    [CO  ' 


1.  AJS'HYBBIDES  OF  THE  MONOHYDBIC 
MONOBASIC  ACIDS. 

These  are  known  only  in  the  acetic  and  benzoic  series. 

They  bear  the  same  relation  to  the  acids  from  which  they 
are  derived  as  the  ethers  to  the  alcohols. 

The  residues  of  diiferent  acids  can  unite  to  form  mixed 
anhydrides  analogous  to  the  mixed  ethers.  Aceto-benzoic  anhy- 
dride is  a  body  of  this  class. 

Formation. — By  the  action  of  the  chloracids,  or  so-called 
chlorides,  of  the  monad  negative  radicals  on  the  potassic  salts 
of  the  acids  : — 

fC(aH2„+i)0 
O  +KC1. 

C(CnH2,i+l)0 

PotaBsic  salt.  Chloracid.  Anhydride.  Potassic 

chloride. 

Beaction. — In  contact  with  water  they  are  converted  into  the 
corresponding  acids : — 

C(CMH2n+i)0 

0  +    OH,    =  2C(C,H2«+i)OHo, 

C(CMH2n+i)0 

Anhydride.  Water.  Acid. 


C(CnH2„4-i)OKo+C(aH2.+i)OCl= 
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The  following  is  a  list  of  the  anhydrides  belonging  to  this 
class : — 


Fusing- 
point. 


rCMeO 

Acetic  anhydride   \  O 

[CMeO 


Propionic  anhydride . . 


CEtO 
O 

CEtO 


Butyric  anhydride  j  O 


fCPrO 
O 

CPrO 


rCBuO 

Valeric  anhydride  \  O 

[CBuO 

rCAyO 

Caproic  anhydride  <  O 

[CAyO 

(EnanthyHc  anhydride.  -!  O 

[CCpO 

r  C(c  A)o 

Benzoic  anhydride  ]  O 

[  C(C,H,)0 

r  CMeO 
Acetobenzoic  anhydride  \  O 

1  C(CeH,)0 

I  C(C,H,,)0 
1  C(C,H,,,)0 


r  c(CH3)o 

or  \  O 

[  C(CH3)0 

r  C(c  A)0 

or  ,  4  O 

'  [  C(C,H5)0 

r  C(C3H,)0 

or  \  O 

[C(C3H,)0 

r  C(C,H3)0 

or  \  O 

[  C(C,H3)0 

r  C(c,H,,)o 

or  \  O 

[  C(C,Hn)0 

rC(CeH,3)0 
or  ^  O 

LCCCeHJO 


CapryHc  anhydride 


rc(CsH,7)o 

Pelargonic  anhydride. .  \  O 

[  C(0,H,,)O 

r  C(C,,H3,)0 

Palmitic  anhydride   . . .  s  O 

i  C(Ci3H3,)0 


42' 


Boiling- 
point. 

138°. 


165"= 


about  190°; 


about  215°. 


310"= 


120^ 


below  0°.  about  290°. 


+5°. 


53°-8. 
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2.  ANHYDBIDES  OF  THE  BIRTDBIG 
MONOBASIC  ACIDS. 

Formation. — By  applying  heat  to  a  dihydric  monobasic  acid, 
thus : — 

rCMeHHo  JCMeH^     ,  r\TX 

jcOHo       =     |C0     ^  + 

Lactic  acid.  Lactide.  Water. 

(Lactic  anhydride.) 

Reaction. — Boiled  with  water,  and  especially  with  alkalies, 
they  reproduce  the  acids  from  which  they  were  derived : — 

rCMeH^  ,  rCMeHHo 
jcO     O    +    OH,    =     jcoHo  • 

Lactide.  Water.  Lactic  acid. 


3.  ANRTDBIBES  OF  THE  DIHTBBIG 
DIBASIC  ACIDS. 

Formation.-— By  the  action  of  heat,  or  of  substances  having 
an  attraction  for  water,  upon  the  dihydric  dibasic  acids : — 


COHo 
COHo 


C,h77)  +  OH,. 
CO  1 


Succinic  Succinic  Water, 

acid.  anhydride. 

Reaction. — Like  the  anhydrides  of  the  first  and  second  classes, 
they  unite  with  water,  reproducing  the  acids  from  which  they 
were  derived. 


CHAPTER  XLVIII. 

'     THE  KETONES. 

The  ketones  may  be  regarded  as  derived  from  the  fatty  acids, 
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by  the  substitution  of  the  hydroxyl  of  the  latter  by  a  monad  alco- 
hol radical;  they  thus  resemble  the  aldehydes  in  constitution : — 

r  CH3         r  CH3        /  CH3 

I  COHo-  1  COS-  \  COMe 

Acetic  Acetic  Acetone, 

acid.  aldehyde. 

The  ketones  are  also  correctly  viewed  as  compounds  of  car- 
bonic oxide  with  monad  alcohol  radicals,  thus : — 

COMe,. 

Acetone. 

By  the  action  of  nascent  hydrogen  upon  the  ketones,  they 
are  converted  into  secondary  alcohols,  whilst  the  aldehydes, 
under  the  same  treatment,  yield  primary  alcohols : — 

COMe    +    -^2    -  \CMeHHo- 

Acetone.  Isopropylic 

alcohol. 

Ketones,  unlike  aldehydes,  do  not  oxidize  spontaneously ; 
neither  do  they  reduce  ammoniacal  solution  of  argentic  oxide. 

Like  aldehydes,  many  of  them  combine  with  hydric  potassic 
or  hydric  sodic  sulphite. 

Formation. — 1.  By  the  action  of  the  zinc  compounds  of  the 
positive  monad  radicals  upon  chloracids : — 

2{g»^r'  +  Zn(C„H..,0.=2{g"JJ|,X..)  +  ^"01, 

Chloracid.  Zinc  compound.  Ketone.  Zineic 

chloride. 

2.  By  the  action  of  sodic  ethide  and  its  homologues  on  car- 
bonic oxide : — 

CO    +    2Na(C„H.„.0    =     { §"o1c„H.„+0  + 

Carbonic  Sodium  compound.  Ketone, 

oxide. 

3.  By  the  distillation  of  the  salts  of  the  fatty  acids  : — 
^iCOKo      -     tC0(C,H2.+i)    +  ^^J^o,. 

Potassic  salt  Ketone.  Potassic 

of  fatty  acid.  carbonate. 
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4.  By  distilliug  together  salts  of  two  different  fatty  acids,  ke- 
tones containing  two  different  basylous  radicals  are  obtained : — 


J  CEtH, 
\COKo 

Potassic 
butyrate. 


+ 


COKo 

Potassic 
acetate. 


_  J  CEtH^ 
~     \  COMe 


+ 


Propylmethyl 
ketone. 


GOKo,. 

Potassic 
carbonate. 


5.  Ketones  are  also  produced  by  the  consecutive  action  of 
sodium  and  tbe  iodides  of  the  CnS.2n+i  radicals  on  acetic  ether, 
the  product  so  obtained  being  subsequently  boiled  with  alco- 
holic solution  of  potassic  hydrate : — 


^  1  COEto 


Acetic  ether. 


+ 


+    2EtHo  + 


rcH3 

I  CO 

1  CHNa  + 
[  COEto 


Ethylic  sodaeetone 
carbonate. 

CO 

CHEt 
COEto 

Ethylic  ethacetone 
carbonate. 


EtI  = 


Ethylic 
iodide. 


^  ^  CHNa 
,  COEto 

Ethylic  sodaeetone  Alcohol, 
carbonate. 

rcH3 

J   CO  .  T 

icHEt  +  ^^^5 
[  COEto 

Ethylic  ethacetone  Sodic 
carbonate.  iodide. 


+  2KHo  = 


Potassic 
hydrate. 


Ethylated  acetone 


rcH, 

CO" 
CEtH, 

Ethylated 
acetone. 


fCH3 
\  CO 

i  CEtH, 


+  EtHo  +  COKo, 


Alcohol. 


Potassic 
carbonate. 


/  CEtH, 
\  COMe- 


In  this  compound  one  atom  of  hydrogen  in  acetone  has  been 
displaced  by  ethyl. 

A  second  atom  may  be  displaced  in  the  following  manner : — 

^CH. 


2  JCH3  . 
^  \  COEto  ^ 


Acetic 
ether. 


Na.,  = 


+  EtHo  +  H,: 


CO 

1  CNa, 
[COEto 

Ethylic  disodace-  Alcohol 
tone  carbonate. 
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rcH3 

CO 

CNa, 
COEto 


+  2EtI 


rcH3 

CEt,  +  2NaI: 
COEto 


Ethylic  disodace-  Ethylic 
tone  carbonate.  iodide. 


Ethylic  diethaee- 
tone  carbonate. 


Sodic 
iodide. 


rcH3 

CO 

CEt, 
COEto 

Ethylic  diefchace- 
tone  carbonate. 


+    2KHo  = 


Potassic 
hydrate. 


Diethylated  acetone 


rcH3 

CO 

CEt^H 

Diethylated 
acetone. 

rcH3 

CO 

CEt„H 


+  EtHo  +  COKo,. 


Alcohol. 


Potassic 
carbonate. 


J  CEt,H 
\  COMe' 


The  following  is  a  list  of  the  names,  constitutional  formulae , 
and  boiling-points  of  those  ketones  which  are  best  known : — 


Acetone 


Boiling- 
point. 

56°. 


•  r-l 


fCH3 
•  1  COMe 

Methylated  actone, 

{Mhyl  acetyl,  me-  j  q^^^    81°- 

ihyl  acetone?)   ^ 

Dimethylated  ace- 
tone.   (-^%^       {  Q^'^    93°-5. 

tone)   

Ethylated  acetone...  |  qqJ^^  

Propione.       {Mhyl  r  CMeH, 
propionyl.)   \  COEt 

J  CPrH, 
■  \  COMe 


o 
m 


6  f  Methyl  valeral  . 


101°. 


120° 


o 

39 


^^Ethyl  butyral   |  ^^3^^    128° 

^  { CEt„H  -|  oco 

.g  I  Diethylated  acetone.  |  COMe  * 

\  COPr 


o  I  Butyrone 
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Little  is  known  of  the  ketones  of  tlie  CnH.2n-7  series.  Two 
of  them  have  been  obtained : — 

Benzophenone  f  qo(C  H.))»  ketone  of  benzoic  acid,  is 
obtained  by  heating  potassic  benzoate. 

MetJiyl  henzone  or  metJiyl  henzoyl  ^  |  qo"(C  H  ))  ^®  prepared 
by  distilling  together  calcic  acetate  and  benzoate. 
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ETHEEEAL  SALTS. 

These  compounds  correspond  to  the  metallic  oxysalts  of  the 
acids. 

The  acids  from  which  they  are  derived  may  be  either  mineral 
or  organic ;  but  the  base  must  always  be  organic.  The  haloid 
ethereal  salts  are  excluded  from  this  family ;  they  have  been 
already  described  as  haloid  ethers. 

The  ethereal  salts  are  produced  by  reactions  analogous  to 
those  employed  for  the  preparation  of  metallic  salts : — 


tCOHo 

Acetic  acid. 

jCOHo 

Acetic  acid. 


+    KHo  = 

Potassic 
hydrate. 

+    EtHo  = 

Ethylic 
hydrate. 


\COKo 

Potassic 
acetate. 

/CH3 
\  COEto 

Ethylic 
acetate. 


+  OH, 


2* 


Water. 


+  OH 


2* 


Water. 


But  as  the  hydrates  of  the  organic  radicals  do  not  act  upon 
acids  so  energetically  as  potassic  hydrate,  it  is  often  advisable 
to  employ  the  acid  in  the  form  of  a  potassic  salt,  and  the  radi- 
cal as  a  sulphoacid,  thus,  with  acids  of  the  acetic  series : — 


Bulphoacid. 


Potassic 
salt. 


Ethereal  salt. 


Hydric  potassic 
sulphate. 


B 
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Monobasic  acids  form  only  one  ethereal  salt  with  each 
monacid  alcohol ;  and  this  salt  is  always  neutral. 

With  diacid  alcohols  they  each  form  two  ethereal  salts,  and 
with  triacid  alcohols  three  ethereal  salts.  These  are  also  neutral. 
Thus  with  acetic  acid  we  have : — 

Acetic  salt  of  a  monacid  alcohol : — 

JCH3 

\  COEto- 

Ethylie  acetate. 

Acetic  salts  of  a  diacid  alcohol : — 

CH,Ho  rCH,-0-CMeO 
CH,-0-CMeO-  t  CH,-0-CMeO' 

Monacetic  glycol.  Diacetic  glycol. 

Acetic  salts  of  a  triacid  alcohol : — 


{ 


CH^Ho 
CHHo 

CH^-O-CMeO 


r  CH^-O-CMeO        f  CH,-0-CMeO 
CHHo  .       \  CH -0-CMeO. 

CH^-O-CMeO        [  CH,-0-CMeO 


Monaeetin.  Diacetin.  Triacetin. 

Dibasic  acids  form,  with  monacid  alcohols,  two  series  of 
ethereal  salts : — 

1.  Acid  ethereal  salts,  as : — 

r  COEto 

Succinethylic  acid   


Neutral  ethereal  salts,  as  :- 


C  H 

^*^o  ••■*-4 

COHo 


Ethylic  succinate  -<  CgH^  . 

COEto 


I  COEto 


In  the  same  manner,  tribasic  acids  form  with  monacid 
alcohols  three  series  of  ethereal  salts,  the  first  two  of  which  are 
acid,  and  the  third  neutral. 

Prolonged  contact  with  water  generally  decomposes  the 
ethereal  salts,  liberating  the  radicals  of  the  bases  in  the  form  of 
alcohols : — 

SO^Meo,    +    2OH2    =    SO.Ho,    +  2MeHo. 

Methylic  Water.  Sulphuric  Methylic 

sulphomethylate.  acid.  alcohol. 
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Ebullition  with  potassic  hydrate,  especially  when  the  latter  is 
dissolved  in  alcohol,  effects  this  transformation  very  speedily: — 

{§OEto    +    ™°    =    {coko    +  ^*Ho. 

Ethylie  Potassic  Potassic  Ethylic 

acetate.  hydrate.  acetate.  alcohol. 


CHAPTER  L. 

ORGANIC  COMPOUNDS  CONTAINING  TRIAD  AND  PENTAD  NITROGEN 

OR  THEIR  ANALOGUES. 

This  numerous  family  may  be  divided  into  two  great  classes : — 

1.  Compounds  of  triad  nitrogen,  phosphorus,  arsenic,  and 
antimony. 

2.  Compounds  of  pentad  nitrogen,  phosphorus,  arsenic,  and 
antimony. 


I.  COMPOUNDS  OF  TBIAB  JSTITEOGJEJST  AND  OF 

ITS  ANALOGUES. 

This  class  may  be  again  subdivided  as  follows : — 


Positive. 

1.  Amines. 

2.  Phosphines. 

3.  Arsines. 

4.  Stibines. 

5.  Oxybases. 


Neutral. 

1.  Amides. 

2.  Alkalamides. 

3.  Trichlorinated  and 

tribrominated  amines. 

4.  Haloid  compounds 

of  oxybases. 


jN'egative. 

1.  Imides  and 
nitrides. 


Of  these  the  Amines  and  Amides  are  the  most  important. 

E  2 
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Positive  oe  Bastlous  Section. 

1.  THE  AMINJES. 

The  Amines  are  commonly  termed  organic  bases  or  artificial 
alkaloids ;  they  are  divided  into — 

A.  Monamines. 

B.  Diamines. 

C.  Triamines. 

D.  Tetramines. 

The  last  two  have  been  but  little  investigated. 

A.  MONAMINES. 

There  are  three  kinds  of  monamines : — 

a.  Primary  monamines. 
/3.  Secondary  monamines. 
y.  Tertiary  monamines. 

a.  JBrimary  Monamines. 

General  formulas. 

Methyl  or  C^Hgn+i  series   'N{0^2n+\)^2' 

Vinyl  or  C^Hs^.i  series    'N{Q^^^_-i)'K^. 

Phenyl  or  GJl2n-i  series    N(C^H2„_7)H2. 

Formation. — 1.  By  the  reduction  of  the  nitro-substitution 
compounds  of  the  hydrides  of  the  radicals  by  sulphuretted 
hydrogen,  ammonic  sulphide,  zinc  and  sulphuric  acid,  or  iron 
and  acetic  acid : — 

N(C,H,)0,  +  3SH,  =  N(C,H,)H,  +  2OH3  +  S,. 

Nitrobenzol.  Sulphuretted  Aniline.  Water, 

hydrogen. 

2.  By  treating  cyanic  ethers  with  boiling  solution  of  potassic 
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hydrate.  The  reaction  is  perfectly  analogous  to  the  decom- 
position of  cyanic  acid  with  potassic  hydrate : — 

CN'"Ho    +    2KHo    =    COKo,    +  NH3. 

Cyanic  acid.  Potassic  Potassic  Ammonia, 

hydrate.  carbonate. 

C]S"'"Eto    +    2KHo    =    COKo,    +  NEtH,. 

Etliylie  Potassic  Potassic  Ethylamine. 

eyanate.  hydrate.  carbonate. 

3.  By  the  action  of  the  haloid  ethers  of  the  monad  positive 
radicals  upon  ammonia,  and  subsequent  action  of  potassic  hy- 
drate upon  the  product  so  formed : — 

NH3        -f-    EtI      =  NEtHgl. 

Ammonia.  Ethylic  Ethylanmionic 

iodide.  iodide. 

NEtH3l    +    KHo    =    NEtH,    +    KI    +  OH,. 

Ethylammonic  Potassic  Ethylamine.  Potassic  Water, 

iodide.  hydrate.  iodide. 

The  following  are  a  few  of  the  primary  monamines : — 


Methylamine   NMeH^  or  N(CH3)H2. 

Ethylamine    NEtH,  or  N(C,H5)H,. 

Amylamine    NAyH^  or  N(C5H,^)Il2. 

AUylamine   NAllH,  or  ^(CgHJH,. 


Phenylamine  (Aniline)  NPhH^  or  N(C6Hg)H2. 

Beaction. — Treated  with  nitrous  acid,  they  evolve  nitrogen 
and  yield  the  corresponding  alcohols ; — 

NPhH,    +    NOHo    =    PhHo    +    ]Sr,    +  OH,. 

Phenylic 

Phenylamine.  Nitrous  acid.  alcohol.  Water. 

/3.  Secondare/  Monamines. 

General  formulse. 

Methyl  or  CAn+i  series    NCCA^+OsH. 

Yinyl  or  C^Hs^.i  series   N(C^H2«_i)2H. 

Phenyl  or  C^Hg^.y  series    N(C^H2^_7)2H. 

The  secondary  monamines  are  derived  from  ammonia  by  the 
displacement  of  two  atoms  of  hydrogen  by  monad  positive 
radicals*   They  are  sometimes  called  Imidogen  bases. 

Formation. — By  the  action  of  the  haloid  compounds  of  the 
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monad  positive  radicals  on  the  primary  monamines,  and  subse- 
quent treatment  with  potassic  hydrate : — 

NEtH,    +    EtI    =  NEt,HJ. 

Ethylamine.  Ethylie  Diethylammonic 

iodide.  iodide. 

NEt^HJ    +    KHo    =    NEt^H    +    KI    +  OH,. 

Diethylammonic  Potassic  Diethylamine.        Potassic  Water, 

iodide.  hydrate.  iodide. 

By  using  the  iodide  of  a  radical  different  from  that  already 
contained  in  the  primary  monamine,  secondary  monamines 
may  be  formed  containing  two  different  radicals,  thus : — 

NPhH,    +    EtI    =  NEtPhH^I. 

Phenylamine.  Ethylie  Ethylphenylammonic 

(Aniline.)  iodide.  iodide. 

NEtPhH  T    +     KHo    =    NEtPhH    +    KI    +  OK. 

Ethylphenylam-  Potassic         Ethylphenylamine.        Potassic  Water, 

raonie  iodide.  hydrate.  (Ethylariiline.)  iodide. 

The  following  secondary  monamines  are  known : — 

Dimethylamine   NMe.H  orN(CH3),H. 

Diethylamine    NEt.H  orNCC^Hj.H. 

Methylethylamine    NMeEtH  or  NCOHg)  (C^Hg)H. 

Ethylamylamine    NEtAyH  or  N(C,H,)(C5H^i)H. 

Ethylphenylamine    NEtPhHor  N(C,Hj(CeH.)H. 

Piperidine    N(C,HJ"H.  ' 

Conine    N(C3HJ"H. 

y.  Tertiary  monamines. 

Formation. — By  acting  upon  the  secondary  monamines  with 
the  iodides  of  the  monad  positive  radicals,  and  subsequent 
treatment  with  potassic  hydrate  : — 

NEt^H    +    EtI    =  NEt3HI. 

Diethylamine.  Ethylie  Triethylammonie 

iodide.  iodide. 

NEt3HI    +    KHo    =    NEt3    +    KI    +  OH,. 

Triethylammonie        Potassic       Triethylamine.        Potassic  Water, 
iodide.  hydrate.  iodide 
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By  varying  tlie  radicals,  tertiary  monamines  with  several 
different  radicals  may  be  formed.  The  following  are  a  few  of  the 
known  tertiary  monamines  : — 

Trimethylamine   NMeg    or  N(CH3)3. 

Triethylamine  NEtg     or  N(CJI,\. 

Triamylamine   N^Js    or  N(CgHjj3. 

Methyl-ethyl-phenylamine  NMeEtPh  or  N(CH3)(C3H5)(C,H  J. 

Pyridine   N(0,H,)'". 

Picoline    N(CeHX. 

Lutidine    NCO.Hg)'". 

Collidine    NCCgHJ'". 

Parvoline    N(CgHJ"', 

The  constitution  of  the  triad  radicals  contained  in  the  last 
five  bases  is  not  known. 

Tertiary  monamines,  when  acted  upon  by  the  iodides  of 
monad  positive  radicals,  yield  iodides  which  are  not  decomposed 
by  potassic  hydrate.  In  this  manner  tertiary  monamines  may  be 
distinguished  from  primary  and  secondary  monamines.  The 
three  may  be  distinguished  from  each  other  by  the  alternate 
action  of  ethylic  iodide  and  potassic  hydrate :  thus,  as  we  have 
just  seen,  tertiary  monamines  are  recognized  by  producing  im- 
mediately iodides  which  are  not  decomposed  by  potassic  hy- 
drate ;  a  secondary  monamine,  however,  produces  an  iodide 
decomposable  by  potassic  hydrate  ;  but  the  base  thus  liberated 
is  tertiary,  and  will  therefore  be  transformed  immediately  into 
the  stable  iodide  by  a  second  application  of  ethylic  iodide.  A 
primary  monamine  requires  three  applications  of  ethylic  iodide 
and  potassic  hydrate  to  produce  the  same  result. 


B.  DIAMINES. 


Formation. — The  diamines  are  formed  by  coupling  together 
two  atoms  of  nitrogen  in  two  molecules  of  ammonia,  or  of  a  pri- 


368 


COMPOUNDS  OF  NITROGEN  AND  ITS  ANALOGUES. 


mary  or  secondary  monamine,  by  a  dyad  radical,  which  at  the 
same  time  takes  the  place  of  two  atoms  of  hydrogen  ;  thus : — 


Primary 
diamine. 


fNH 

\  Et'V 

[nh 

Secondary 
diamine. 


N 

Et 
N 


NEt" 
Et"  . 
NEt" 

Tertiary  diamine. 


Et"3  or 


This  reaction  is  effected  by  treating  ammonia  or  a  primary 
or  secondary  monamine  with  the  haloid  salt  (preferably  a  bro- 
mide) of  the  dyad  radical,  thus : — 


2NH, 


Ammonia. 


+  Et"Br, 


Ethylenic 
dibromide. 


NH3Br 

Et" 

NHgBr 

Ethylene-diammonic 
dibromide. 


When  the  salts  of  ethylene  diammonium  are  decomposed  by 
potassic  hydrate,  an  oxide  of  the  basylous  radical  is  produced, 
thus : — 


NH3Br 

Et" 

NH3Br 

Ethylene-diam- 
monic dibromide. 


+    2KHo  = 


Potassic 
hydrate. 


3~1 


fNH 

Et"  '  0  +  OH,  +  2KBr. 
NH3-i 

Water. 


Ethylene-diam- 
monic oxide. 


Potassic 
bromide. 


In  this  respect  the  diamines  differ  from  the  monamines. 

Urea  and  its  derivatives  belong  to  the  class  of  diamines. 

These  compounds  are  produced  by  boiling  a  solution  of 
ammonic  cyanate  or  ethylammonic  cyanate,  or  a  homologue  of 
the  latter.  In  these  compounds,  the  two  atoms  of  nitrogen 
are  held  together  by  the  dyad  radical  carbonyl,  CO  : — 


CN"'(]Sr^H,0)  = 


Ammonic  cyanate. 


CN"'(NvEtH30)     =  ^ 


Ethyl-ammonic 
cyanate. 


fNH, 
CO. 
NH, 

Urea. 

fNHEt 
CO  . 

Ethylurea. 


UREA. 
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Ureas  in  which  ethyl  and  other  monad  basylons  radicals  are 
substituted  for  hydrogen  may  also  be  obtained  by  the  action  of 
ammonia  or  a  monamine  on  the  cyanic  ethers,  thus : — 


CN"'Eto  +   NH3  = 


Ethylic 
cyanate. 


Ammonia. 


NHEt 
CO  . 
NH, 

Ethylurea. 


CN"'Eto   +   NH,Et    =  -{ 

Ethylic  Ethylamine. 
cyanate. 


fNHEt 
CO  . 

NHEt 

Diethylurea. 


JReaction. — Urea  is  decomposed  by  nitrous  anhydride  : — 
fNH, 

-^CO      +    Nfi,    =    CO,    +    2N,    +  20H,. 


Urea. 


Nitroua 
anhydride. 


Carbonic 
anhydride. 


Water. 


The  following  is  a  list  of  the  best-known  diamines : — 

fNH, 

Ethylene  diamine   <  Et"  . 


Ethylene  diethyl  diamine 


NHEt 

Et" 
NHEt 

^CO. 

[nh, 

fNHEt 

Ethyl  urea   ^  CO 


Urea 


Sulphophenylurea  ., 


NHPh 
CS"  . 
NH„ 


e5 
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THE  NATJTBAL  ALKALOIDS. 

Of  the  constitution  of  these  organic  bases  very  little  is 
known.  The  following  is  a  list  of  the  chief  of  them,  with  the 
sources  whence  they  are  derived : — 

Alkaloids  from  Opium. 


Morphine   C^.H.glS'Og. 

Codeine    C,3H,,N03,  OH,. 

Thebaine    C.gH.^IS'Og. 

Papaverine    C^oH^^NO^. 

Narcotine   C^.H^gNO^. 

Narceine    C^gH^gNOg. 

From  Cinchona  Bark. 

Qiiinine    O^oH^^N^O^. 

Cinchoniae    CggH^^N^O. 

Aricine    ^23^26^204- 

From  Tobacco. 

Nicotine    CioH^^N,. 

From  Nux  vomica. 

Strychnine    Q^^^^fi^. 

Brucine    C^gH^gN^O^. 


2,  3,  4.  TKF  FHOSFHINES,  ABSINES, 
AND  STIBIN'ES. 

These  bases  cannot  be  obtained,  like  the  amines,  by  the  dis- 
placement of  hydrogen  in  phosphuretted,  arseniuretted,  and 
antimoniuretted  hydrogen.    The  tertiary  compounds  only  are 
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known ;  and  they  are  produced  by  reactions  of  whicb.  the  follow- 
ing may  be  regarded  as  types  : — 

AsNa,    +    3EtI    =    AsEt,    +  3NaI. 


Sodic 
arsenide. 


Ethylie 
iodide. 


Triethyl- 
arsine. 


SZnEt,    +    2PCL    =    2PEt,  + 


Zincic 
ethide. 


Phosphorous 
trichloride. 


Triethyl- 
phosphine. 


Sodic 
iodide. 


3ZnCl,. 

Zincic 
chloride. 


TJnlike  the  amines,  these  bodies  have  a  powerful  affinity  for 
oxygen,  in  consequence  of  which  they  are  generally  sponta- 
neously inflammable. 


5.  OXTBASJES. 
These  compounds  are  only  known  in  the  arsenic  series. 

Arsenious  occyhases. 

Only  one  of  these,  cacodylic  oxide,  has  been  carefully  in- 
vestigated. 

By  the  distillation  of  potassic  acetate  with  arsenious  anhy- 
dride, a  compound  known  as  cacodyl,  'A.s,"^q^,  is  produced. 
This  substance  may  also  be  prepared  by  the  action  of  methylic 
iodide  upon  an  alloy  of  sodium  and  arsenic  containing 
'As",Na,:— 

'As'^Na,    +    4MeI    =    'As"^Me,  +  ^Nal. 

Sodic  Methylic  Cacodyl.  Sodic 

arsenide.  iodide.  iodide. 

By  allowing  cacodyl  to  absorb  oxygen  slowly,  an  oily  liquid 
containing  cacodylic  oxide  (As^Me^O)  is  formed. 

This  oxybase  does  not  appear  to  unite  with  oxygen  acids, 
but  it  is  attacked  by  hydrochloric  acid,  forming  cacodylic  chlo- 
ride : — 

AsMe, 

O  +    2HC1    =    2AsMe,Cl    +  OH,. 
AsMe, 

Cacodylic  Hydrochloric              Cacodylic  Water, 

oxide.  acid.                     chloride.  \ 
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Cacodylic  oxide,  when  exposed  to  moist  air,  absorbs  water 
and  oxygen,  forming  cacodylic  acid  : — 

As^Me.O    +    O,    4-    OH,    =  2AsMe,OHo. 

Caiodylic  Water.  Cacodylic 

oxide.  acid. 


CHAPTER  LI. 

OEQANIC  COMPOUNDS  OF  TRIAD  NITROGEN  AND 
OF  ITS  ANALOGUES  (continued). 

Neutral  Section. 

1.  THF  AMIDES. 
These  compounds  are  formed  by  the  substitution  of  amidogen 
(NH,)  for  the  oxatylic  hydroxyl  of  organic  acids.    They  are 
most  conveniently  written  on  the  diadelphic  type,  but  may  also 
be  formulated  upon  the  ammonia  type. 

If  the  acid  contain  only  one  atom  of  oxatyl,  a  monamide  is 
the  result ;  if  two  atoms  of  oxatyl  are  present  in  the  acid,  a 
diamide  is  generally  formed,  &c.  Secondary  and  tertiary  com- 
pounds can  also  be  produced,  as  in  the  case  of  the  amines ;  but 
they  belong  to  the  negative  section  of  this  family. 


A.  MONAMIBES. 
I.  Primary  Monamides. 

Acetamide : — 

f  CMeO      TVTTT  /m\/r  f\\       /  CH„ 
I  NH,     ''''  NH,(CMeO),  or  |  ^q^^. 

Chloracetamide  : — 

|C(CH,C1)0  „^  NH,fC(CH,Cl)0],  or  {  ^f^. 

Benzamide  : 
C 

NH 
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Formation. — 1.  By  tlie  distillation  of  the  ammonic  salts  of 
the  monobasic  acids  : — 

\CO(N^H,0)    "  \CO(N"'HJ 

Ammonic  Aeetamide.  Water, 

acetate. 

2.  By  the  action  of  ammonia  upon  the  chloracids : — 
{cOCl         ^3    =     {cO(N"'HJ  + 

Acetylic  Ammonia.  Aeetamide.  Hydrochloric 

chloride.  acid. 

8.  By  the  action  of  ammonia  on  the  ethereal  salts  of  the 
monobasic  acids : — 

{cOEto     +  =    {cO(N"'H,)  + 

Ethylic  Ammonia.  Aeetamide.  Alcohol, 

acetate. 

Beactions. — 1.  Boiled  with  aqueous  solutions  of  acids,  the 
primary  monamides  yield  ammonic  salts  and  acids  : — 

{§0(N"'H,)  +  HCl  +  OH,  =  NH,C1+  {g^^^. 

Aeetamide.  Hydrochloric      Water.  Ammonic  Acetic 

acid.  chloride.  acid. 

2.  Boiled  with  potassic  hydrate,  ammonia  is  evolved,  and 
a  potassic  salt,  corresponding  to  the  amide,  is  formed. 

{c§N'"H,)    +    KHo    =    NH3    +  {%^^^. 

Aeetamide.  Potassic  Ammonia.  Potassic 

hydrate.  acetate. 

II.  Secondary  Monamides. 

rcH3 

CO 

Diacetimide  ...  N(CMeO),H    or  <;  NH  . 

I  CO 
LCH3 

rco  n"  rco-^ 


Succinimide   NH 


CO  _, 


or  \  Et"  (N"'H)". 
[CO-i 
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These  bodies  possess  a  negative  character,  and  are  treated  of 
under  the  negative  section  of  this  class  as  imides  (p.  376). 

Tertiary  moncmides  are  little  known.  They  are  the  nitrides 
(see  p.  376). 


Oxamide 


rco" 

Et" 

CO 

B.  DIAMIDUS. 

The  diamides  may  be  regarded  as  derived  from  two  molecules 
of  ammonia,  by  the  substitution  of  a  dyad  negative  radical  for 
two  atoms  of  hydrogen ;  or  they  may  be  considered  as  formed  by 
the  substitution  of  amidogen  for  the  hydroxyl  contained  in  the 
two  atoms  of  oxatyl  in  dibasic  acids  : — 

JBrimary  Diamides. 
(CA)     or  jcQ^,. 

Succinamide...  N^H^C.H.O,)"  or  N,H^ 

Formation. — 1.  By  the  action  of  heat  upon  the  neutral  am- 
monic  salts  of  dibasic  acids : — 

rCO(N''H.O)    _  rCO(N"'HJ 

Ammonie  oxalate.  Oxamide.  Water. 

2.  By  the  action  of  ammonia  on  the  ethereal  salts  of  dibasic 
acids  : — 

JGOEto     ,     nivm-  rCO(N'"HJ 
{cOEto    +  =     |cO(V"'H;)  + 

Ethylic  Ammonia.  Oxamide.  Alcohol. 

oxalate. 

3.  By  the  action  of  ammonia  on  the  chloro-dibasic  acids  : — 

jCOCl  rCO(N"'HJ 
4NH,    +     \  Et"       =     i  Et"  +  2NH,C1. 

[  COCl  [  C0(N"'H3) 

Ammonia.  Succinylic  Succinamide.  Ammonie 

chloride.  chloride. 

The  secondary  and  tertiary  diamides  are  but  little  known. 


ALKALAMIDES. 
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C.  TBIAMIJDm. 

Primary  Triamides. — The  primary  triamides  may  be  regarded 
as  derived  from  tribasic  acids  by  the  substitution  of  amidogen 
for  the  hydroxyl  contained  in  the  three  atoms  of  oxatyl  of 
these  acids,  or  as  derived  from  three  molecules  of  ammonia  by 
the  displacement  of  three  atoms  of  hydrogen  by  the  residue  of 
a  tribasic  acid.    A  good  example  of  a  triamide  is 

r  CHHo(COAd) 

Citramide  \  CH(COAd)      or  NgHgCCeH^O,)'". 

[  CH^(COAd) 

Citramide  is  formed  by  the  action  of  ammonia  on  ethylic 
citrate. 

Secondary  and  tertiary  triamides  have  not  yet  been  formed. 

2.  TRE  AZKALAMIDUS. 

These  compounds  are  intermediate  between  the  amines  and 
the  amides.  They  are  derived  from  ammonia  by  the  substi- 
tution of  part  of  the  hydrogen  by  positive,  and  part  by  negative 
radicals  ;  and  inasmuch  as  two  atoms  at  least  of  hydrogen  must 
be  so  substituted,  no  primary  alkalamide  can  exist. 

Secondary  and  tertiary  monalkalamides,  dialkalamides,  and 
trialkalamides  are  known. 

Ethyl  acetamide    NHEt(CMeO), 

Ethyl  diacetamide   NEt(CMeOX. 

Diethyl  oxamide    N,H^Et/C,0,)". 

Diphenyl-carbonyl-oxalyl  diamide  .  N,(CeK)^(CO)"(C,0,)". 

Citryl-triphenyl-triamide   N3H3(C6H.)3(C6H,0 j'". 

The  alkalamides  incline  towards  basicity  in  their  character, 
their  degree  of  alkalinity  being  about  equal  to  that  of  urea. 

3.  TSU  TBIGHLOBINATED  AND  TBIBBOMI- 
NATJED  AMINES. 

If  the  hydrogen  in  an  amine  be  gradually  substituted  by 
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chlorine  or  bromine,  the  basic  power  of  the  amine  gradually 
diminishes,  and  finally  a  neutral  compound  is  obtained. 

This  reaction  has  been  studied  in  the  case  of  aniline,  which 
loses  basic  energy  by  the  successive  displacement  of  two  atoms 
of  hydrogen,  and  finally  becomes  neutral  by  the  substitution  of 
three  atoms  of  chlorine  or  bromine  for  three  of  hydrogen : — 

TIH,(C.H,).   NH/C,H,C1).   NH,(C,H3C1,).  NH,(CACl3). 

Aniline.  Chloraniline.  Dichloraniline.  Trichloraniline. 


4.  THE  HALOUD  COMPOTTITDS  OF  OXTBASJES. 

These  bodies  are  only  known  in  the  arsenic  series ;  they  are 
formed  by  the  action  of  chlorine,  bromine,  or  iodine  upon 
cacodyl  and  its  homologues,  or  of  hydrochloric  acid,  hydro- 
bromic  acid,  or  hydriodic  acid  upon  the  oxybases. 

Greneral  formula          As  (C^H2»+ 1)201. 


Negatite  Section. 
Tiri:  IMIDJES  AND  NITBIDES, 

General  formula...  j^f  i^i^^^-  NH(C.H,._iO)„ 

I  of  nitrides .  N(C„H2^_iO)3. 

Formation. — By  the  action  of  chloracids  (the  so-called  chlo- 
rides of  negative  radicals)  upon  amides : — 

NH^CCMeO)   +    CMeOCl    =    NH(CMeO),    -f  HCl. 

Acetamide.  Acetylie  Diacetimide.  Hydrochloric 

chloride.  acid. 

A  repetition  of  this  reaction  gives  acetylie  nitride. 
An  imide  may  also  be  formed  by  the  substitution  of  a  dyad 
negative  radical  for  two  atoms  of  hydrogen  in  ammonia,  thus : — 

rfcon" 

Succinimide   NH(C,H,OJ",  or  NH   J  Et"  • 

LicoJ 

These  bodies  have  hitherto  received  but  little  attention. 
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CHAPTER  LII. 


II.  COMPOUNDS  OF  FFJSFTAD  NITROGEN 
AND  OF  ITS  ANALOGUES. 

TMs  class  of  compounds  contains  the  following  series  :— 


Positive. 

1.  Caustic  Nitrogen  bases. 

2.  „      Phosphorus  bases. 

3.  „      Arsenic  bases. 

4.  „      Antimony  bases. 

5.  Oxyarsenic  bases. 

6.  Oxyantimonic  bases. 


Neutral. 

1.  Salts  of  Amines. 

2.  „  Phosphines. 

3.  „  Arsines. 

4.  „  Stibines. 

5.  „      Oxyarsenic  bases. 

6.  „      Oxyantimonic  bases. 


Negative. 

Organic  arsenic 
acids,  oxyehlo- 
rides,  and  chlo- 
rides. 

Organic  antimo- 
nic  acids. 


POSITIVE  or  BASYLOUS  COMPOUNDS. 

1.  Caustic  Nitrogen  Bases. — 

General  formula   N(CwH2»+iXB[o. 

In  each  radical  n  must  be  a  positive  integer.  The  radicals 
need  not  be  all  of  the  same  atomic  weight. 

Formation. — By  the  action  of  argentic  hydrate  upon  the 
iodides  of  the  compound  ammoniums : — 

NEtJ    +    AgHo    =    NEt.Ho    +  Agl. 

Tetrethylammo-         Argentic  Tetrethylammo-  Argentic 

nic  iodide.  hydrate.  nic  hydrate.  iodide. 

2.  Caustic  Phosphorus  Bases. 

3.  Caustic  Arsenic  Bases. 

4.  Caustic  Antimony  Bases. — 

By  displacing  the  N"  in  the  above  general  formula  and  in  the 
equation  by  P,  As,  and  Sb,  the  constitution  and  formation  of 
these  three  series  of  compounds  will  be  expressed. 

5.  Oxyarsenic  Bases. — These  bodies,  which  are  diacid  bases, 
are  obtained  by  the  slow  oxidation  of  the  tertiary  monar- 
sines : — 


As(aH2.+i)3    +    0  = 

Tertiary  monarsine. 


As(CnH2,i+l)30. 

Oxyarsenic  base. 
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6.  OxyantimonicBases. — These  are  formed  in  a  manner  exactly 
analogous  to  that  in  which  the  oxjarsenic  bases  are  produced. 


NEVTBAL  COMPOUNDS. 

1.  Salts  of  Amines. 
General  formulae : — 

N,(CnH2.)"(C^H2^)",H,Cl,. 

In  the  first  formula  m  may  =  0 ;  in  the  second,  C™  112^  may  be 
displaced  by  ;  and  in  the  third,  C^H2m-i  may  be  substituted 
by  H3. 

Formation. — Like  the  analogous  compounds  of  ammonia,  the 
salts  of  the  amines  are  formed  by  the  direct  union  of  acids  with 
the  amines  without  elimination  of  water,  thus : — 

NEtH,    +    HCl    =  NEtHgCl. 

Ethylamine.        Hydrochloric  Ethylammonic 
acid.  chloride. 

The  haloid  salts  of  the  amines  may  also  be  produced  by  the 
union  of  the  haloid  ethers  of  the  monad  positive  radicals  with 
the  amines  (for  reaction  see  p.  365). 

Character. — The  salts  of  the  diamines  and  triamines  are  often 
found  to  contain  only  one  molecule  of  acid,  instead  of  two  or 
three  as  shown  in  the  above  general  formulae,  which  indicate  the 
composition  of  the  normal  salts.  The  nitrogen  atoms  are  in 
such  cases  united  together  by  one  of  the  bonds  of  each, 
besides  being  linked  by  the  polyad  radicals,  thus : — 

^(O.H2»)"(C^H2^)",H(]Sr03);  ^XN3)-(C,H2._i)'"(C^H2^_0"',HCl. 

The  difference  between  these  two  classes  of  salts  will  be  ren- 
dered more  evident  by  a  comparison  of  the  following  graphic 
and  symbolic  formulae  : — 
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Normal  Salts. 

®\  /®    „    ®\  /®  fNH.Cl 
0  @  0       or    N^HeEf'Cl,,  or  < 

0/  \0       0/  ^XE) 

Ethylene-diammonic  dichloride. 


Et"  . 
NH3CI 


®  ®  ®  ©  ® 

©^  ^©  ®'  ^© 


Diethylene-triammonic  trichloride. 

fNH3Cl 
I  Et" 

or    N3H,Et",Cl3  or  i  NH^Cl. 

I  Et" 
LNH3CI 

JKonacid  Salts. 

®x  /©      „   (5k  /©  fNH 
0  @  0       or  'N%H,Et"Cl  or  J^h^cI 

0/^  ■'  XH)  ' 

Ethylene-diammonic  monochloride. 

©\  /©  „     ^  7—-,  /® 

© — ©— ®— © — © 

■     ©/^  ^XH)  ©^X!) 


Et' 


Diethylene-triammonic  raonochloride . 

or    iXN3)^iH;Et",Cl  or  ^  Nh'-^^I  „. 


Cl  1  /(^H 


Diacid  Salt, 
r' 


Et)  0)  (Et)  0) 

0/ \0       0/  \0     0/  xs) 

Diethylene-triammonic  dichloride. 

or    "(N3)-"H,Et",Cl,  or  fNH,  :S]„. 
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2.  Salts  of  Phosphines. 

3.  Salts  ofArsines. 

4.  Salts  of  Stihines. — 

These  three  series  of  salts  all  present  close  analogies  with  the 
salts  of  the  amines  both  in  constitution  and  in  the  mode  of  their 
formation. 

5.  Salts  of  Oxy arsenic  Bases. 

As  ( C„H2„+i)  3  Cl^. 
Formation. — By  the  action  of  acids  on  the  oxyarsenic  bases: — 

AsMogO    +    2HC1    =    AsMe3Cl,    +  OH,. 

Arsenic  Hydrochloric        Arsenic  trimetho-  Water, 

trimethoxide.  acid.  dichloride. 

6.  Salts  of  Oxyantimonic  Bases. 

These  resemble  the  previous  salts  in  formation  and  consti- 
tution. 


NEGATIVE  or  CHLOBOUS  COMPOUNDS. 

1.  Organic  Arsenic  Acids ^  Oxy chlorides,  and  Chlorides. 

The  following  are  the  principal  bodies  of  this  class  : — 

Monomethylarsenic  acid   AsMeOHo^. 

Arsenic  oxydichlormethide    AsMeOCl^. 

Arsenic  tetrachlormethide    AsMeCl^. 

Cacodylic  acid   AsMegOHo. 

Cacodylic  trichloride    AsMe2Cl3. 

2.  Organic  Antimonic  Acids. 

No-^ploration  of  this  series  has  yet  been  made.  The 
members  of  it  will  doubtless  be  found  to  present  close  analogies 
with  the  corresponding  series  of  arsenic  compounds. 


ORGANOMETALLIC  BODIES. 
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CHAPTER  LIII. 

ORGANOMETALLIC  BOBIES. 

This  term  is  applied  to  a  family  of  compounds  in  which  an 
organic  radical  is  united  directly  with  a  metal ;  and  it  serves  to 
distinguish  them  from  other  organic  compounds  containing 
metals,  in  which  the  metal  and  organic  radical  are  indirectly 
united  or  linked  to  each  other. 

Thus  zincic  ethide  is  an  organometallic  body,  while  zincic 
ethylate  and  zincic  succinate  are  organic  bodies  containing 
metals : — 

(h)  (h)         0  © 
Zincic  ethide...    ZnBt^.  ©-©-©-©-©-(f)-© 

®©  ®© 

Zincic  ethylate . . .  ZnEtOg. 

©  ©  ©  © 

©-®-®-®-®-©-©-®-© 

©  ©         ©  © 

©  ® 

I  II 

fco — ,  ©-©-©-©-^ 

Zno".  I  (^n 


Zincic  succinate  _ 

■  co^  ©_©_©_©^ 

I  II. 

©  © 

Many  organic  compounds  containing  metals  are  the  deriva- 
tives of  organometallic  bodies  ;  thus  zincic  ethide  by  oxidation 
yields  zincic  ethylate — 

ZnEt^    +    Og    =  ZnEto,; 

Zincic  Zincic 
ethide.  ethylate. 


382 


ORGANOMETALLIC  BODIES. 


and  by  further  oxidation  zincic  ethylate  can  be  converted  into 
zincic  acetate — 

CMeK^    "  ,  ork     CMeO^    "  ,  onxr 
CMeHf  +^^^=CMeO^^^ 

Zincic  ethylate.  Zincic  acetate.  Water, 

Another  instance  of  the  derivation  of  organic  bodies  con- 
taining metals  from  organometallic  bodies  is  seen  in  the  for- 
mation of  potassic  propionate  by  the  action  of  potassic  ethide 
upon  carbonic  anhydride  : — 

CMeH,K    +    CO,  = 

Potassic  Carbonic  Potassic 

ethide.  anhydride.  propionate. 

Formation  of  organometallic  iodies. 

Organometallic  bodies  are  produced  in  a  large  number  of 
reactions,  which  may,  however,  be  classed  under  the  following 
four  heads : — 

I.  By  the  union  of  monad  positive  radicals  in  statu  nascenti 
with  a  metal,  or  by  the  coalescence  of  a  metal  with  the  iodide  of 
a  monad  positive  radical. 

Thus,  when  zinc  and  ethylic  iodide  are  heated  together  to 
100°  in  closed  vessels,  zincic  ethide  is  formed : — 

2EtI    +    Zn,    =    ZnEt,    +  Znl,. 

Ethylic  Zincic  Zincic 

iodide.  ethide.  iodide. 

Sometimes  light  may  be  employed  instead  of  heat  to  effect 
this  change,  as  in  the  case  of  the  organo-tin  compounds.  In 
the  formation  of  organo-mercury  compounds  by  this  method, 
light  is  indispensable  to  the  reaction : — 

EtI    -f    Hg    =  HgEtl. 

Ethylic  Mercuric 
iodide.  ethiodide. 

II.  By  the  action  of  the  respective  metals  alloyed  with  potas- 
sium or  sodium  upon  the  iodides  of  the  monad  positive  radicals. 
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By  tliis  process  there  is  less  tendency  to  form  compounds 
containing  both  positive  radicals  and  negative  elements.  Potas- 
sium or  sodium  compounds  are  never  produced  in  this  reaction, 
because  they  cannot  exist  in  the  presence  of  ethylic  iodide  or 
its  homologues.  This  process  is  well  adapted  for  the  formation 
of  arsenic,  antimony,  tin,  mercury,  lead,  bismuth,  and  tellurium 
compounds: — 

4EtI    +    SnlSTa^    =    SnEt^    +  4M. 


Ethylic            Tin  sodium  Stannic  Sodic 

iodide.                alloy.  ethide.  iodide. 

2EtI  4-    HglSTa,  =    HgEt,  +  2]N'aI. 

Ethylic              Sodium  Mercuric  Sodic 

iodide.             amalgam.  ethide.  iodide. 


III.  By  the  action  of  the  zinc  compounds  of  the  monad 
positive  radicals  upon  the  haloid  compounds,  either  of  the 
metals  themselves,  or  of  their  organo-  derivatives. 

Eor  the  production  of  organometallic  bodies  containing  less 
positive  metals  than  zinc,  this  method  is  generally  the  most 
convenient,  and  is  of  most  universal  application.  Compounds 
containing  mercury,  tin,  lead,  antimony,  and  arsenic  have  been 
thus  produced ;  but  the  process  has  failed  when  applied  to  the 
haloid  compounds  of  copper,  silver,  platinum,  and  iron  ;  for, 
although  these  bodies  are  violently  acted  upon,  the  organic 
radicals  do  not  unite  with  the  metal : — 

SnCl,    +    ZnEt^    =    SnEt^Cl,    +  ZnCl,. 

stannic  Zincic  Stannic  dichlor-  Zincic 

chloride.  ethide.  ethide.  chloride. 

SnCl,    +    2ZnEt,    =    SnEt,    +  2ZnCl,. 

Stannic  Zincic  Stannic  Zincic 

chloride.  ethide.  ethide.  chloride. 

2HgEtI    +    ZnEt,    =    2HgEt2    +  Znl,. 

Mercuric  Zincic  Mercuric  Zincic 

ethiodide.  ethide.  ethide.  iodide. 

IV.  By  the  displacement  of  a  metal  in  an  organometallic 
compound  by  another  and  more  positive  metal. 

This  method  has  been  successfully  employed  for  the  forma- 
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tion  of  the  organo-compounds  of  potassium,  sodmm,  lithium, 
aluminium,  and  zinc.  In  the  first  three  cases  the  reaction  takes 
place  at  ordinary  temperatures,  some  of  the  original  compound 
entering  into  the  compiosition  of  the  resulting  organometallic 
body: — 

3ZnEt,    +    Na,    =    2Zn]N'aEt,    +  Zn. 


Zincie 
ethide. 


SHgEt,    +    AI2  = 


Mercuric 
ethide. 

Mercuric 
amylide. 


+    Zn  = 


Sodic  zincic 
ethide. 

Aluminic 
ethide. 

ZnAy, 

Zincic 
amylide. 


+  3Hg. 
+  Hg. 


Reactions  of  organometallic  bodies. 

1.  The  most  interesting  reaction  of  the  organo-  compounds 
of  the  monad  metals  their  transformation  into  salts  of  normal 
fatty  acids  by  the  action  of  carbonic  anhydride  (see  p.  301). 

2.  The  organo-  compounds  of  potassium  and  sodium  decompose 
the  iodides  of  the  monad  positive  radicals  in  the  cold,  forming 
hydrides  and  dyad  radicals : — 

C,H,Na    +    C,HJ    =    Nal    +    C,H,H    +  C,H,. 

Sodic  Ethylic  Bodic  Ethylic  Ethylene, 

ethide.  iodide.  iodide.  hydride. 

3.  The  organo-  compounds  of  zinc  are  decomposed  by  water, 
with  formation  of  the  hydrides  of  the  radicals : — 

ZnEt,    H-    20H,    =    ZnHo,    +  2EtH. 

Zincic  Water.  Zincic  Ethylic 

ethide.  hydrate.  hydride. 

4.  By  the  slow  action  of  dry  oxygen,  they  pass  through  two 
stages  of  oxidation  : — 

ZnEt,    +    O    =  ZnEtEto; 

Zincic  Zincie  ethide 

ethide.  ethylate. 

ZnEtEto    4-    O    =  ZnEto^. 

Zincic  ethide  Zincic 
ethylate.  ethylate. 
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5.  Monad  negative  elements,  such  as  iodine,  remove  succes- 
sively the  two  atoms  of  ethyl : — 

ZnEt,    +    L    =    ZnEtl    +    EtI : 


Zincic 
etMde. 


Zincie 
ethiodide. 


Ethylie 
iodide. 


ZnEtl   +    L    =     ZnT      +  EtI. 


Zincic 
ethiodide. 


Zincic 
iodide. 


Ethylie 
iodide. 


6.  The  organo-zinc  compounds  are  extremely  useful  for  the 
displacement  of  chlorine  or  its  analogues  by  ethyl  or  its  homo- 
logues  : — 

2PCL    +    SZnEt,    =    2FEt,    +  SZnCL. 


Phosphorous 
trichloride. 


Zincic 
ethide. 


Triethyl- 
phosphine. 


Zincie 
chloride. 


SiCL    +    2ZnEt,    =    SiEt,    +    2ZnCl . 


2^  O 


Silicic 
chloride. 


Zincic 
ethide. 


Silicic 
ethide. 


+    ZnEt,    =  2 


C,H,C1 

Chlorether. 


Ethylo- 
chlorether. 


Zincic 
ethide. 


+    ZnEt.     =  2^0 


C,H,Et 
C,H,C1 

Ethylo- 
chlorether. 


Zincie 
chloride. 


+  ZnCL 


Zincic 
chloride. 


+  ZnCl 


Zincic 
ethide. 


Diethylated 
ethylie  ether. 


Zincie 
chloride. 


Diethylated  ethylie  ether  is  isomeric  with  butylic  ether,  and 
contains  the  radical  methylo-ethylated  methyl  (see  p.  205). 
oxidation  it  would  doubtless  give  methylated  acetone  (p.  360), 

7.  Oxygen  may  also  be  displaced  in  a  similar  manner. 
Thus 

NOEt-0— 1 

Zn" 
N,OEt-0-J 

Zincic  dinitro-ethylate. 


2'-N"fl,     +  ZnEt, 


Nitric 
oxide. 


Zincic 
ethide. 


This  compound  is  analogous  to  zincic  propionate,  the  latter 

containing  two  atoms  of  tetrad  carbon  in  the  place  of  the  two 

tetrad  pairs  of  nitrogen  atoms  : — 

COEt-0— 1 

Zn" 
COEt-0- J 


Zincic  propionate 


CEtO^  „ 
CEtO^^°  • 


3 
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8.  An  analogous  reaction  is  observed  with  sulphurous  anhy- 
dride : — 


ocr^      ,  7v/r  SOMe-On  SMeO^  „ 

2S0„    +    2inMe„    =  Zn     or  ^.Zno  . 

2    ^  2         SOMe-Oj  S^eO 


Sulphurous  Zincic  Zincic  methyldithionate. 

anhydride.  methide. 

9.  "When  ethylic  borate  is  acted  upon  by  zincic  methide,  the 
ethoxyl  becomes  replaced  by  methyl : — 

BEtOg    +    SZnMe^    =    BMog    +  SZnMeEto. 

Ethylic  Zincic  Boric  Zincic  methide 

borate.  methide.  methide.  ethylate.^ 

10.  When  ethylic  oxalate  is  heated  with  zincic  ethide,  and 
water  afterwards  added,  diethoxalic  ether  is  formed  : — 


{ 


Ethylic         Zincic  Water.  Diethoxalic  Zincic  Alcohol, 

oxalate.         ethide.  ether.  hydrate. 

11.  By  the  action  of  ammonia,  or  of  certain  amines  and 
amides,  zincic  ethide  exchanges  its  zinc  for  hydrogen  : — 

ZnEt,    +    2NH3    =    ZnAd^    +  2EtH. 

Zincic  Ammonia.  Zincic  amide.  Ethylic 

ethide.  hydride. 

12.  The  organo-zinc  compounds,  by  losing  one  of  their 
organic  radicals,  become  monad  radicals,  as  shown  by  the  fol- 
lowing formulae : — 

Methylozincic  dinitrome-  1    'jg"  oMe-O-(ZnMe). 
thylate   J         '  ^  ^ 

Ethylozincic    dinitroethy-  f  'N"^OEt-0-(ZnEt). 
late    I  ^ 

Ethylic  ethylo-zincic   di-  f  CEt^-O-CZnEt) 
ethoxalate   1  COEto 

13.  Mercuric  ethide,  when  treated  with  bromine,  loses  one- 
half  of  its  ethyl,  which  is  displaced  by  the  negative  element  — 

HgEt^    -i-    Br     =    HgEtBr    -f  EtBr. 

Mercuric  Mercuric  Ethylic 

ethide.  ethobromide.  bromide. 
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14.  Mercuric  metliide,  when  submitted  to  the  action  of  mer- 
curic iodide,  yields  mercuric  methiodide : — 

HgMe,    +    Hgl,    =  2HgMeI. 

Mercuric  Mercuric  Mercuric 

methide.  iodide,  methiodide. 

The  hydrates  corresponding  to  the  mercuric  ethobromide  and 
methiodide  have  been  produced.  They  are  powerful  caustic 
bases,  of  the  formulae 

HgEtHo  and  HgMeHo. 

Mercuric  Mercuric 
ethohydrate.  methohydrate. 

15.  The  organo-stannous  compounds  unite  directly  with 
negative  elements,  passing  into  stannic  bodies : — 

SnEt,    +    I,    =  SnEt,!^. 

Stannous  Stannic 
ethide.  iododiethide. 

16.  Sypostannic  organo-compounds  undergo  a  similar  trans- 
formation : — 

'Sii'",Etg     +  =  2SnEt3l: 

Hypostannic  Stannic 
ethide.  iodotriethide. 

SnEtgl    +    I,    =    SnEtJ,    +  EtI. 

Stannic  Stannic  Ethylic 

iodotriethide.  iododiethide,  iodide. 

17.  Hypostannic  ethodiniodide  is  formed  by  the  action  of 
iodine  upon  stannic  ethodimethide : — 

2SnEt,Me3    +    1^    =    'Sn"',EtJ,    +  4MeI. 

Stannic  Hypostannic  Methylic 

ethodimethide.  ethodiniodide.  iodide. 

18.  Stannic  etJiide,  when  treated  with  hydrochloric  acid, 
yields  stannic  chlorotriethide  and  ethylic  hydride  : — 

SnEt,    +    HCl    =    SnEt3Cl    +  EtH. 

Stannic  Hydrochloric  Stannic  Ethylic 

ethide.  acid.  chlorotriethide.  hydride. 

The  oxide  and  hydrate  corresponding  to  the  stannic  chloro- 
triethide are  known  ;  their  formulss  are  : — 

rSnEtg 

O       ;    Hydrate...  SnEtgllo. 


Oxide 


"3 

SnEt 


s  2 
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These  compounds,  and  the  salts  which  they  form,  correspond 
in  composition,  constitution,  and,  to  a  certain  extent,  in  pro- 
perties, with  the  compounds  of  methyl : — 

Alcohol.         Haloid  ether. 

Methylic    CH3H0.  CH3CI. 


Stanntriethylic   ...  SnEtgllo.  SnEtgCl. 


19.  Stannic  chlorodiethide  is  readily  reduced  to  stannous 
etliide  by  the  action  of  zinc : — 

SnEt.Cl^    +    Zn    =    SnEt,    +  ZnCl,. 

Stannic  Stannous  Zinoie 

chlorodiethide.  ethide.  chloride. 

20.  JPerplumhic  ethide  resembles  stannic  ethide  in  its  re- 
actions ;  thus  with  hydrochloric  acid  it  yields  perplumbic 
chlorotriethide  and  ethylic  hydride : — 

PbEt,    +    HCl    =    PbEtgCl    +  EtH. 

Perplumbic         Hydroehlo-  Perplumbic  Ethylic 

etlxide.  ric  acid.  chlorotriethide.  hydride. 

21.  JPerplmibic  triethohydrate  (PbEtgllo)  is  a  powerful  base, 
forming  salts  with  acids. 

22.  The  or gano -tellurium  compounds  form  oxides  and  salts. 
The  following  are  the  formulae  of  tellurium  ethide  and  some  of 
its  compounds : — 

Tellurium  ethide    TeEt^. 

Tellurous  diethoxide    TeEt^O. 

Tellurous  diethiodide    TeEtJ^. 

Tellurous  diethosulphate   TeEt^CS^'OJ". 


Constitution  of  Organometallic  Bodies. 
The  organometallic  compounds  are  constituted  on  the  types  of 
the  metals  they  contain.  It  was,  in  fact,  the  study  of  these 
bodies  which  first  led  to  the  doctrine  of  the  atomicity  of 
elements.  They  afford  striking  examples  of  monad,  dyad,  triad, 
tetrad,  pentad,  and  hexad  types. 
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The  organic  derivatives  of  the  monad  metals  are  formed  on 
the  type  of  potassic  chloride  (KCl)  : — 

©  © 

©  © 

Potassic  chloride.  Potassic  ethide. 

The  organo-zinc,  cadmium,  magnesium,  and  mercury  com- 
pounds are  formed  upon  the  type  of  zincic  chloride  (ZnCl.,): — 

0  0  @(U) 

(hHc)-©-©-(o)-(2h«) 


©-©-© 


Zincic  chloride. 


0  0      0  0 

Zincic  ethide. 


©  © 
©-©-©-©-© 


H  J    (  H 
Mercuric  iodethide. 


The  organo-aluminic  compounds  are  formed  upon  the  type 
of  aluminic  chloride  (' Al"'2Cl6) : — 

© 

(SKf>©  ©-©-© 

© 

 ® — ©-© 


ci )  (  ci 


@-®-&-®  ©-©  ® 

I    I  I 

© 


Cl     (  CI 


© 


(«Kf)-©  ©-©^ 


© 


Aluminic  chloride. 


Aluminic  methide. 


The  organo-tin  compounds  are  formed  upon  the  three  types 
"Sn"Cl„  'Sn"',Cl6,  and  SnCl^,— the  first  resembling  the  zincic 
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®  0 

stannic  chloride.        Stannic  iododiethide. 


chloride  type,  and  the  second  the  aluminic  chloride  type  (see 
p.  389)  :— 

®  © 
I  I 

(eT)— (s^— (Et)  ^^(s^— (Et) 

(k)  (5 

Stannic  ethide.     Stannic  iodotriethide. 

0  @ 

I  I 

©-©-0-©-® 
I  I 

©  © 
Stannic  triethohydrate.  Distannic  hexethoxide. 

The  inorganic  types  of  the  organo-tellurium  series  are  TeCl^ 
and  TeO^  :— 

0=0=0 

Tellm'ous  oxide. 


©-©-©-© 


Tellurium  chloride. 
(Et)— (re)— (eT) 


Tellurium  ethide.  Tellurous  diethoxide.  Tellurous  diethiodide. 

The  organo-arsenic,  antimony,  and  bismuth  compounds  are 
derived  from  the  types  'As",S"„  AsC\,  ASOH03,  SbClg,  SbCl,, 
BiClg,  and  BiO.Ho  (see  pp.  370,  377,  and  380)  :— 

©  © 

(©-©-©-©-©  ©-©-©-©-© 
I  ' 

© 

I 

© 

Arsenic  acid. 


9 


Monomethylaraenic  acid. 

© 


[Me; 
Cacodyiic  acid. 


Arsenic  oxytrimethide. 
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The  effect  of  the  substitution  of  positive  for  negative  radicals 
in  compounds  is  well  exhibited  in  the  case  of  arsenic  acid, 
AsOHOg,  as  illustrated  in  the  above  graphic  representations. 
By  the  substitution  of  one  atom  of  methyl  for  hydroxyl,  a 
well-defined  acid  (less  negative,  however,  than  arsenic  acid) 
is  produced,  monomethyl  arsenic  acid,  AsOMeHo^.  By  the 
replacement  of  a  second  atom  of  hydroxyl  by  methyl,  a  very 
feeble  acid,  cacodylic  acid,  AsOMe^Ho,  is  obtained.  By  the 
replacement  of  the  third  atom  of  hydroxyl  by  methyl,  the 
acid  properties  are  completely  destroyed,  a  feeble  base,  the 
arsenic  oxytrimethide,  being  formed,  AsOMOg.  Pinally,  by  the 
substitution  of  methyl  and  hydroxyl  for  the  remaining  atom  of 
oxygen  there  is  produced  a  powerful  base,  tetramethylarsenic 
hydrate,  AsMe^Ho. 

The  following  is  a  list  of  the  principal  organometallic 
bodies  at  present  known : — 

I.  Organo-  compounds  containing  monad  metals : — 

Potassio-zincic  methide   KMe,ZnMe 

Potassio-zincic  ethide   KEtjZnEtg. 

Sodio-zincic  ethide   I^aEtjZnEt^. 

Lithio-zincic  ethide    LiEt,ZnEt 

Lithio-mercuric  ethide    LiEt,HgEt 


2" 

2* 

2* 
2' 
2* 


II,  Organo-  compounds  containing  dyad  metals : — 

Magnesic  ethide   MgEtg. 

Zincic  methide    ZnM^e^. 

Zincic  ethide    ZiciEt^. 

Zincic  amylide   ZnAj^. 

Mercuric  methide    HgMe^. 

Mercuric  ethide    HgEt^. 

Mercuric  methiodide   HgMel. 

Mercuric  ethonitrate   HgEt(N''03). 

Stannous  ethide   "Sn"Et2. 

Tellurium  methide    TeMCg. 
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III.  Organo-  compounds  containing  triad  metals : — 

These  compounds  belong  to  the  11th  family  of  organic 
bodies,  and  have  been  treated  of  at  p.  370. 

lY.  Organo-  compounds  of  tetrad  metals  : — 


Stannic  methide    SnMe,. 

Stannic  iodotrimethide    SnMegl. 

Stannic  iododimethide    SnMe2l2. 

Hypostannic  etliide    'Sn"'2Etg. 

Stannic  ethylodimethide    SnEt2Me2. 

Hypostannic  ethodiiodide    'Sn"'2Et^l2. 

Perplumbic  ethide    PbEt^. 

Perplumbic  chlorotriethide    PbEtgCl. 


y.  Organo-  compounds  of  pentad  metals : — 

These  bodies  belong  to  the  11th  family  of  organic  com- 
pounds, and  have  been  already  treated  of  at  p.  377  and  380. 
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Absolute  atomicity,  21. 

Acetamide,  372. 

Acetic  series  of  acids,  297. 

„    series  of  acids,  relations  of,  to 

acrylic  series,  314. 
,,    series  of  acids,  relations  of,  to 
lactic  series,  324. 
Acetic  series,  relations  of  succinic 

series  to,  341. 
Acetone,  360. 

,,       diethylated,  360. 
,,       dimethylated,  360. 
,,       ethylated,  360. 
„       methylated,  360. 
Acetyl,  221. 
Acetylene,  217. 

„        series  of  radicals,  217. 
Acetylic  nitride,  376. 
Acetylide  of  copper,  218,  219. 
Acid,  acetic,  306. 
,,     aceto -lactic,  317,  319. 
,,     ace  tonic,  331. 
„    aconitic,  353. 
„     acrylic,  270,  315. 
„    adipic,  339. 

„     amidodinitrophenylic,  262. 

,,     anchoic,  339. 

„    angelic,  312. 

,,    aposorbic,  271. 

„    arachidic,  299. 

,,     arsenic,  123. 

,,    arsenious,  122. 

,,     behenic,  299. 

,,     benzoic,  337. 

,,     boracic,  55. 

„     boric  monobasic,  54. 

„    boric  tribasic,  54. 

,,     boric,  55. 

„     brassic,  313. 

,,     bromic,  89. 

,,     bromphenylic,  261. 

,,    butyric,  308. 

,,    capric,  299. 

,,    caproic,  298. 


Acid,  caprylic,  298. 

„  carbolic,  259. 

„  carbomethylic,  326. 

,,  carbonic,  58,  326. 

,,  cerotic,  299. 

,,  chlorhydric,  39. 

,,  chloric,  49. 

,,  chlorochromic,  188. 

,,  chloropropionic,  329. 

,,  chlorous,  48. 

,,  cimicic,  313. 

,,  cinnamic,  336. 

citraconic,  345. 

„'  citric,  270,  353. 

,,  coUinic,  336. 

„  convolvulinoleie,  333. 

,,  crotonic,  312. 

„  (5  crotonic,  313. 

„  cuminic,  336. 

„  cyanic,  228. 

,,  cyanuric,  228. 

,,  damaluric,  313. 

,,  damolic,  313. 

,,  desoxalic,  271,  353. 

,-,  dextrotartaric,  351. 

„  diamylacetic,  311. 

,,  dibromosuccinic,  347. 

,,  dichlorphenylic,  261. 

,,  diethacetic,  311. 

,,  diethoxalic,  320. 

„  dimethacetic,  311. 

,,  dimethoxalic,  320. 

,,  dinitrophenylic,  261. 

,,  disulphodithionic,  75,  83. 

„  disulphuretted  hyposul])lun'ic, 
83. 

„  dithionic,  74,  82. 

„  doeglic,  313. 

„  elaidic,  313. 

,,  erucic,  313. 

„  ethacetic,  308. 

„  ethomethoxalic,  320. 

ethylorotonic,  313. 

„  ethylglycoUic,  332. 

S  5 
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Acid,  ethyl-lactic,  319. 

„  formic,  243,  304. 

,,  fulminuric,  228, 

,,  fumaric,  345. 

gaidic,  313. 

„  glyceric,  269,  335. 

„  glycollic,  264,  278,  318. 

„  glycomalic,  351. 

,,  gly oxalic,  333. 

»  glyoxylic,  335. 

„  hippuric,  337. 

,,  homolactic,  327. 

„  homotartaric,  351. 

„  hydriodic,  91. 

„  hydrobromic,  87. 

„  hydrochloric,  39. 

„  hydrocyanic,  223,  243. 

hydroferrocyanic,  226. 

„  hydrofluoric,  97. 

,,  hydrofluoboric,  54. 

„  hydroselenic,  84. 

„  hydrosulphuric,  70. 

„  hypobromous,  89. 

„  hypochlorous,  47. 

„  hypogseic,  313. 

„  hypophosphorous,  114. 

,^  hyposulphuric,  82. 

hyposulphurous,  74,  81. 

„  iodic,  93,  94. 

,,  isobutyric,  311. 

„  isochloropropionic,  331. 

,,  isodibromosuccinic,  347. 

isomaleic,  345. 

„  itaconic,  345. 

„  jalapinoleic,  333. 

„  lactamic,  329. 

„  lactic,  325,  327,  329. 

,,  Isevotartaric,  351. 

,,  lauric,  299. 

„  leucic,  319. 

„  maleic,  345. 

„  malic,  350. 

„  malonic,  339. 

,,  margaric,  299. 

„  melissic,  299. 

„  mesaconic,  345. 

„  metabismuthic,  140,  143. 

„  metabismuthous,  140,  142. 

„  metaboric,  64. 

„  metantimonic,  131,  134. 

„  metantimonic,  of  Fremy,  135. 

„  metantimonious,  131,  132. 

„  metaphosphoric,  115,  117. 


Acid,  metarsenic,  123. 

,,  metastannic,  105. 

,,  metatartaric,  351. 

„  methacetic,  308. 

„  methacrylic,  313. 

,,  methethacetic,  310. 

,,  methylcrotonic,  313. 

,,  methylglycoUic,  319. 

,,  methyl -lactic,  317. 

,,  moringic,  313. 

„  mucic,  271. 

,,  muriatic,  39. 

„  myristic,  299. 

,,  nitric,  61. 

„  nitric,  manufacture  of,  62. 

,,  nitrophenylic,  261. 

„  nitrous,  61,  63. 

,,  oenanthylic,  298. 

,,  oleic,  316. 

,,  orthantimonic,  130,  131. 

„  orthobismuthous,  142. 

,,  orthoboric,  54. 

,,  orthophosphoric,  118. 

„  oxalic,  229. 

oxamic,  231. 

,,  oxybutyric,  318. 

„  palmitic,  299. 

„  paralactic,  321. 

,,  paraleucic,  321. 

,,  parantimonic,  135. 

„  pelargonic,  298. 

„  pentathionic,  75,  83. 

„  perchloric,  50. 

„  perchlorphenylic,  261. 

,,  perchromic,  187. 

,,  periodic,  93,  96. 

„  phenoic,  336. 

„  phenylic,  260. 

,,  phosphoric,  115,  118. 

„  phosphoric  dodecabasic,  115. 

„  phosphoric  hexabasic,  115. 

phosphorous,  114,  116. 

„  physetoleic,  313. 

,,  picramic,  262. 

,,  picric,  262. 

„  pimelic,  339. 

„  propionic,  308. 

„  propylacetic,  309. 

„  (3  propylacetic,  309. 

,,  pyrantimonic,  131,  135. 

„  pyrarsenic,  123. 

„  pyrophosphoric,  115,  118. 

„  pyro tartaric,  339,  349. 
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Acid,  pyroterebic,  313. 
„    pyruvic,  333. 
„    racemic,  351. 
„     ricinoleic,  333. 

roccellic,  339. 
„     saccharic,  271. 
„    salicylic,  336. 
„    sebacic,  339. 
„    selenic,  85. 
„     selenious,  85. 
„     silicic,  101. 
„     stannic,  104. 
„    stearic,  299. 
„    suberic,  339. 
„     succinethylic,  362. 
,,     succinic,  342, 

sulphamylic,  275. 
„     sulpharsenic,  124. 

sulpharsenious,  124. 
„     sulphhydric,  71. 
„     sulphocarbonic,  73. 
,,     sulphocbromic,  187. 
„     sulphodithionic,  74,  82. 
„     sulphomethylic,  274. 
„     sulphosulphuric,  74,  81. 
„     sulphovinic,  275. 
„    sulphuric,  74,  78. 
„     sulphuric,  manufacture  of,  79. 
„     sulphuric  (Nordhausen),  74, 
77. 

,,     sulphurous,  74. 
„    tartaric,  270,  351. 
„     tartaric  (inactive),  351. 
„    tartronic,  269,  350. 
„     tetrathionic,  75,  83. 
„     titanic,  106. 
„    toluylic,  336. 
„     tricar  bally  lie,  353. 
„     trichlorphenylic,  261. 
„    trimethacetic,  310,  312. 
„     trinitrophenylic,  262. 
„     trisulphodithionic,  75,  83. 
„    trisulphuretted  hyposulphuric, 
83. 

„    trithionic,  74,  82. 
„    valerianic,  309. 
„    valeric,  309. 
„     valerolactic,  319. 
Acid  salts,  definition  of,  13. 
Acids,  acetic  or  fatty  series  of,  297. 
„     acetoid  series  of,  339. 
„     acrylic  series  of,  312. 

anhydrous  definition  of,  8,  10. 


Acids,  benzoic  or  aromatic  series  of, 
335. 

„     classification  of,  296. 
„     definition  of,  8. 
„     derivation  of,  from  alcohols, 
297. 

„     dibasic,  337. 

„     dibasic,  definition  of,  9. 

,,     dibasic,  formation  of,  338. 

„     dibasic,  reactions  of,  338. 

„     dibasic,  succinic  or  acetoid 

series  of,  339. 
„     dibasic,  fumaric  or  acryloid 

series  of,  345. 
„     dibasic,  tartaric  or  glyoxyloid 

series  of,  351. 
„     formation  from  anhydrides, 

43. 

„  fumaric  or  acryloid  series  of, 
345. 

„     glyoxylic  series  of,  335. 
„     lactic  series  of,  316. 
„     lactic  series  of,  classification 
of,  317. 

„  lactic  series  of,  definition  of, 
316. 

„  lactic  series  of,  relations  to 
acetic  series,  324. 

„  lactic  series  of,  relations  to 
acrylic  series,  324. 

„     law  of  basicity  of,  296. 

„     malic  or  lactoid  series  of,  349. 

„     monobasic,  296. 

,,     monobasic,  definition  of,  9. 

„     nomenclature  of,  9. 

,,  normal  fatty,  ascent  of  the 
series,  303. 

„  normal  fatty,  relations  of,  to 
CMH2n+iilo  alcohols,  303. 

„  normal  fatty,  relations  of,  to 
CmH2w+i  radicals,  302. 

„  normal  fatty,  relations  of,  to 
each  other,  303. 

„     normal,  of  acetic  series,  298. 

„     normal,  of  acrylic  series,  312. 

„  normal,  of  acrylic  series,  for- 
mation of,  313. 

„  normal,  of  fatty  series,  for- 
mation of,  300. 

„  normal,  of  fatty  series,  occur- 
rence of,  300. 

„  normal,  of  lactic  series,  for- 
mation of,  323. 
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Acids,  of  acrylic  series,  relations  of, 
to  acetic  series,  314. 
,,     of  antimony,  130. 
,,     of  chlorine,  45. 
,,     of  lactic  series,  isomerism  of, 
325. 

„     of  nitrogen,  61. 

,,     olefine,  of  acrylic  series,  313. 

,,  olefine,  of  acrylic  series,  for- 
mation of,  314. 

,,  olefine,  of  lactic  series,  for- 
mation of,  324. 

,,     oleic  series  of,  312. 

„     organic,  296. 

,,     poly  basic,  definition  of,  9. 

,,     pyruvic  series  of,  333. 

,,     secondary  fatty,  310. 

,,  secondary,  of  acrylic  series, 
313. 

„  secondary,  of  acrylic  series, 
formation  of,  314. 

„     secondary,  of  lactic  series,  319. 

,,  secondary,  of  lactic  series,  for- 
mation of,  323. 

„     succinic  series  of,  339. 

,,     tertiary  fatty,  311. 

,,     tribasic,  352. 
Acrolein,  270,  294. 
Acryl,  221. 

Acrylic  series  of  acids,  312. 
Acrylic  series  of  acids,  relations  of,  to 

lactic  series,  324. 
Acryloid  or  fumaric  series  of  acids, 
345. 

„      series  of  acids,  isomerism 
in,  345. 

Action,  chemical,  modes  of,  1. 
Active  atomicity,  21. 
Afiinity,  chemical,  4. 
Agalmatolite,  177. 
Alabaster,  160. 
Alanin,  293,  329. 
Albite,  178. 

Alcohol,  allylic,  244,  257. 

amylic,  246,  252. 

benzoic,  244,  258,  260. 

butylic,  262. 

caproylic,  246. 
„      caprylic,  246. 

cerotic,  246. 
,,      cetylic,  246. 

cresylic,  259,  262. 
„      cumylic,  259. 


Alcohol,  ethylenic,  264. 
ethylic,  250. 
,,       hep ty lie,  246. 
„      hexylic,  246. 
,,      isopropylic,  253. 
,,      melissic,  246. 

methylic,  246,  249. 
octylic,  246. 
,,       oenanthylic,  246. 
,,       pentacid,  271. 
„       pentylic,  246. 
,,       phenylic,  normal,  258. 
,,      phenylic,  secondary,  260, 

propylic,  244,  246,  252. 
„       pseudamylic,  253. 
,,      pseudohexylic,  253. 
,,       stanntriethylic,  388. 
,,       sulphur,  251. 
5,       sycocerylic,  259. 
„       tetracid,  270. 

tetrylic,  246,  252. 
vinylic,  256,  277. 
Alcoholates,  251. 
Alcohols,  243. 

diacid,  245,  262. 
„       ethylic  series  of,  245. 
monacid,  245,  255,  258. 
monacid,  of  vinylic  series, 
255. 

,,  normal  monacid,  of  phe- 
nylic series,  258. 

„  normal,  of  ethylic  series, 
245,  246. 

,,       poly  acid,  270. 

„       relations  of,  246. 

,,  relations  of,  to  fatty  acids, 
303. 

secondary  monacid,  252. 
„       secondary,  of  ethylic  series, 
245. 

„  secondary,  of  phenylic  se- 
ries, 259,  260. 

tertiary  monacid,  254. 

tertiary,  of  ethylic  series, 
245. 

triacid,  245,  267. 
Aldehyde,  acetic,  277,  293. 
acrylic,  294. 
„       benzoic,  295. 

butyric,  292. 
„        capric,  292. 
,,        cuminic,  295. 
euodio,  292. 
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Aldehyde,  lauric,  292. 

„        cenanthylic,  292. 

„       palmitic,  292. 

„       propionic,  292. 

,,       salicylic,  336. 

,,       valeric,  292. 
Aldehydes,  290. 

„        definition  of,  290. 

,,        derived  from  the 

C„H2n+iIIo  alcohols, 
292. 

,,        from  the  C„H2,i-iHo  al- 
cohols, 294. 

„        from  the  C„Il2n-7Ho  al- 
cohols, 295. 

,,        preparation  of,  290. 

,,        reactions  of,  291. 
Alkalamides,  363,  375. 

„         constitution  of,  375. 
Alkaloids,  artificial,  364. 

,,        from  cinchona,  370. 

,,        from  nux  vomica,  370. 

„        from  opium,  370. 

„       from  tobacco,  370. 

,,       the  natural,  370. 
AUophane,  176. 
AUotropic  oxygen,  41. 

,,        phosphorus,  108. 

,,       varieties  of  sulphur,  70. 
Allyl,  210. 
Allylamine,  365. 
Allylic  iodide,  268. 
Alum,  common,  177. 
Aluminite,  176. 
Aluminium,  175. 

Agalmatolite,  177. 

Albite,  178. 

AUophane,  176. 

Alum,  177. 

Aluminate,  dipotassic,  176. 
Aluminate,  magnesic,  176. 
Aluminic  calcic  disilicate,  103. 
„      calcic  trisilicate,  103. 
,,      chloride,  175. 

hydrate,  175. 
„       manganous  disilicate, 
.191. 

,,      manganous  tetrasul- 

phate,  190. 
„      methide,  389. 
„      oxide,  175. 
„      oxy  hydrate,  176. 
sulphate,  176. 


Aluminium  {continued). 

Aluminic  sulphate  tetrahydrate, 
176. 

„      sulphide,  176. 

tricalcic  trisilicate, 
103. 

Aluminite,  176. 

Alum,  manganese  aluminium, 
190. 

„      potassium  chrome,  187. 
„      potassium  manganese, 
190. 

Alum-stone,  177. 

Alunite,  177. 

Analcime,  178. 

Andalusite,  177. 

Anorthite,  103. 

Atomicity  of  aluminium,  175. 

Buchholzite,  177. 

Chiastolite,  177. 

Cimolite,  177. 

CoUyrite,  177. 

Compounds  of  aluminium,  175. 
Cyanite,  177. 
Diaspore,  176. 

Dihydric  aluminic  tetrasilicate, 
103. 

Dipotassic  aluminate,  176. 

,,       aluminic  hexasilicate, 
103. 

,,       aluminic  tetrasul- 
phate,  177. 
Emerald,  103. 
Felspar,  103. 
Fibrolite,  177. 
Gibbsite,  175. 
Grossularia,  103. 
Kaolin  of  Ellenbogen,  177. 
Labradorite,  103. 
Lepidolite,  178. 
Magnesic  aluminate,  176. 
Malthacite,  178. 
Miloschine,  177. 
Orthose,  103. 
Porcelain  clay,  177. 

,,       clay  of  Passau,  177. 
Prehnite,  176. 
Pyrophyllite,  103. 
E-azoumolFskin,  178. 
Saponite,  178. 
Sillimanite,  177. 
Spinelle,  176. 
Spodumene,  176. 
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Aluminium  {continued). 

Triglucinic  aluminic  hexasili- 
cate,  103. 

Wernerite,  177. 

Worthite,  177. 

Xenolite,  177. 

Zoisite,  176. 
Alum,  manganese  aluminium,  190. 
„    potassium  crome,  187. 
„    potassium  manganese,  190. 
Alum-stone,  177. 
Alunite,  177. 
Amides,  363,  372. 

„      definition  of,  372. 
Amidogen,  28. 
Amines,  363,  364. 

„     classification  of,  364. 

,,     diacid  salts  of,  379. 

,,     monacid  salts  of,  379. 

„     normal  salts  of,  378. 

,,     salts  of,  378. 
Ammonia,  60,  67. 

„    ^    type,  202. 
Ammonic  chloride,  60,  67. 

„       chloride  type,  202. 

,,      salts,  67,  68. 
Ammoniocupric  carbonate,  173. 

,,  sulphate,  172. 

Ammonium,  68. 

,,        amalgam,  68. 
Ammonoxyl,  28. 
•Amorphous  boron,  51. 

„        phosphorus,  108. 
Amoxyl,  203. 
Amyl,  209. 
Amylamine,  365. 
Amylene,  213. 
Amylenic  chloride,  288. 

„      bromide,  288. 
Amyl  glycerin,  267. 
Ajnylide,  antimonious,  128. 

,,      zincic,  391. 
Aiialcime,  178. 
Anatase,  106. 
Andalusite,  177. 
Anhydride,  acetic,  356. 

„       acetobenzoic,  356. 
„-x      antimonic,  131,  133. 

„        antimonious,  130,  131. 

„        arsenic,  122,  123. 

„        arsenious,  122. 

„        auric,  174. 

„        benzoic,  356. 


Anhydride,  bismuthic,  139, 140,  142. 
boric,  54. 
butyric,  356. 

„        carbonic,  57. 

„        caproic,  356. 

„        caprylic,  356. 

,,        chlorous,  46. 

„        chromic,  186. 

„        hypobromous,  89. 

„        hypochlorous,  46. 

„        iodic,  93. 

„        lactic,  357. 

„        nitric,  61,  63. 

„        nitrous,  61,  63. 

„        cenanthylic,  356. 

„        palmitic,  356. 

„        pelargonic,  356. 

„        periodic,  93,  95. 

,,        phosphoric,  114,  117. 

„        phosphorous,  114,  116. 

„        propionic,  356. 

„        selenious,  85. 

silicic,  101,  102. 

„        stannic,  104. 

„        succinic,  357. 

,,        sulphantimonic,  138. 

„        sulphantimonious,  136. 

,,        sulpharsenic,  124,  125. 

„        sulpharsenious,  124. 

„        sulphochromic,  188. 

„        sulphuric,  74,  77. 

„        svilphurous,  74,  75. 

„        titanic,  106. 

„        valerianic,  356. 
Anhydrides,  354. 

, ,        conversion  into  acids,  43. 
definition  of,  8,  10,  354. 

„        of  the  dihydric  dibasic 
acids,  357. 

„        of  the  dihydric  mono- 
basic acids,  357. 

„  ofthemonohydricmono- 
basic  acids,  355, 
Anhydrous  acid,  definition  of,  8,  10, 
354 

Aniline,  241,  365. 
Anorthite,  103. 

Antimonic  acids,  organic,  380. 

chloride,  125,  128,  129. 
oxytrichloride,  130. 
sulphide,  136,  138. 
sulphotrichloride,  130. 
tetretho-chloride,  125. 
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Antimonious  amylide,  128. 

anhydride,  130,  131. 
„         argentide,  127. 

bromide,  127,  130. 
chloride,  125,  128. 
ethide,  128. 
„        fluoride,  130. 
„        hydride,  126. 
„        iodide,  130. 

oxide,  130, 131. 
„        oxy  bromide,  130. 
„        oxy  chloride,  129. 
„        oxydisulphide,  135. 
„         oxyiodide,  130. 
„        sulphide,  136. 
zincide,  128, 
Antimoniuretted  hydrogen,  126. 
Antimony,  125. 

„        compound  of,  with  oxy- 
gen and  sulphur,  136. 
„        compounds  of,  with  sul- 
phur, 136. 
„        copper  glance,  137. 
I,        ore,  grey,  136. 
„        organic  compounds  of,363 
„        oxides  and  acids  of,  130. 
,,        red,  135. 
Apatite,  119. 
Aquafortis,  61. 
Are,  33. 

Argentic  compounds  (see  Silver). 
Aricine,  370.^ 

Aromatic  series  of  acids,  335. 
Arsenic,  119. 

acids,  organic,  380. 
„     compounds  of,  with  oxygen 

and  hydroxyl,  122. 
„     compounds  of,  with  sulphur 

and  hydrosulphyl,  124. 
„     organic  compounds  of,  363, 
„     oxydichlormethide,  380. 
„     oxytrimethide,  390. 
„     sulphide,  124,  125. 
„     tetrachlormethide,  380. 
,,     trimetho-dichloride,  380.  . 
„     trimeth oxide,  380. 
Arsenious  chloride,  120,  121. 
hydride,  120. 
„       oxy  bases,  371. 
„       sulphide,  124. 
Arseniuretted  hydrogen,  120. 
Arsines,  363,  370. 

salts  of,  380. 


Artiads,  definition  of,  20. 
Atomic  combination,  30. 
„     weight,  2. 
„     weights,  table  of,  6. 
Atomicity,  absolute,  21. 

„       active,  21. 

„        apparent  variation  of,  20. 

,,       latent,  21. 

„        law  of  variation  of,  21. 

„        marks,  18. 

„        of  elements,  17. 
Atoms,  2. 

Auric  compounds  (see  Grold). 
Aiirous  compounds  (see  Gold). 
Azote,  60. 
Azurite,  173. 

Baric  carbonate,  157. 

„     chloride,  155. 

,,    hydrate,  155,  159. 

,,     nitrate,  157. 

,,     oxide,  155,  156. 

,,     peroxide,  156,  158. 

„     sulphate,  157. 
Barium,  155. 

,,     compound  of,  with  hydroxyl, 
159. 

„     compounds  of,  with  oxygen, 
156. 
Baryta,  156. 

„     caustic,  159. 
Bases,  caustic  antimony,  377. 
„     caustic  arsenic,  377. 
„     caustic  nitrogen,  377. 
,,     caustic  phosphorus,  377. 
„     definition  of,  11. 
„     imidogen,  365. 
„     organic,  364. 
„     organic,  periodides  of,  31. 
,,     oxyantimonic,  378. 
„     oxyarsenic,  377. 
„     systematic  and  irregular  names 
of,  11. 

Basic  salts,  definition  of,  13. 
Basylous  compound  radicals,  hy- 
drides of,  232. 

„      elements,  4. 

,,       radicals,  dyad,  212. 

„      radicals,  monad,  207. 

,,      radicals,  organic,  207. 

,,      radicals,  triad,  220. 
Benzamide,  372. 
Benzene,  238. 
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Benzine,  238. 

Benzoic  series  of  acids,  335. 
Benzol,  237,  238. 

,,     clilorocompounds  of,  241 . 

„      substitution  derivatives  of, 
239. 

Benzophenone,  361. 
Benzoyl,  hydride  of,  295. 
Berthierite,  137. 
Bicarburet  of  hydrogen,  238. 
Binary  compounds,  7. 
Bismuth,  139. 

compound  of,   with  chlo- 
rine, 139. 
„       compounds  of,  with  oxy- 
gen and  hydroxyl,  140. 
,,       compounds  of,  with  sulphur, 
144. 

„      glance,  144. 
,,       ochre,  141. 
„      telluric,  145. 
Bismuthic  oxide,  142. 
Bismuthous  bromide,  140. 
„        chloride,  139. 
„        dichlorethide,  139. 
„        ditelluro-sulphide,  145. 

ethide,  139. 
„        fluoride,  140. 
„        iodide,  140. 
„        nitrate,  141. 
„        nitrate  dihydrate,  141. 

oxide,  139,  140,  141. 
„        oxybromide,  140. 
„        oxy  chloride,  140. 
„        oxy  hydrate,  140,  142. 
„        oxyiodide,  140. 
„        sulphide,  144. 
Bismuthylic  carbonate,  141. 
Bleaching-powder,  48,  161. 
Blende,  manganese,  190. 
Blue  copper,  171. 
,,    malachite,  173. 
„    Prussian,  227. 
„    Turnbull's,  227. 
Bonds,  definition  of,  18. 

,,     nature  of,  25. 
Bone-ash,  107. 
Boracite,  55. 
Borates,  55. 
Borax,  55. 
Boric  bromide,  53. 
chloride,  53. 
,,     ethide,  51. 


Boric  fluoride,  53. 
,,    methide,  386. 
,,    nitride,  56. 
,,     sulphide,  56. 
Boron,  51. 

amorphous,  51. 
„     diamond,  52. 
,,     graphitoidal,  52. 
Boulangerite,  137. 
Bournonite,  137. 
Bracket,  use  of,  16. 
Braunite,  189. 
Brochantite,  172. 
Bromacetylene,  220. 
Bromates,  90. 
Bromhydrin,  289. 
Bromine,  86. 

,,      compounds  of,  with  oxy- 
gen and  hydroxyl,  88. 
„      hydrate,  87. 
Brookite,  106. 
Brown  hgematite,  192. 

„     iron  ore,  compact,  192. 
,,  fibrous,  192. 

Brucme,  370. 
Brucite,  162. 
Buchholzite,  177. 
Butoxyl,  203. 
Butyl,  209. 
Butylene,  213. 
Butylenic  bromide,  288. 

chloride,  288. 
Butylic  iodide,  271. 
Butyrone,  360. 

Cacodyl,  371. 

Cacodylic  acid,  372,  380,  390. 
„       chloride,  371. 
„      oxide,  371. 
,,      trichloride,  380. 
Cadmic  chloride,  167. 
,,      hydrate,  167. 
„     oxide,  167. 
,,     sulphate,  167. 
Cadmium,  167. 
Caesium,  153. 
Calamine,  165,  166. 

,,      electric,  165. 
Calc  spar,  160. 
Calcic  carbonate,  160. 
„     chloride,  160. 
,,     chlorohypochlorite,  161. 
„     dihydric,  di  carbonate,  161. 
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Calcic  fluoride,  160. 

„     hydrate,  160,  161. 

„     magnesic  dicarbonate,  162. 

,,     magnesic  disilicate,  103. 

,,     metaphosphate,  107. 

„     oxide,  160,  161. 
oxy  sulphide,  162. 

„     peroxide,  161. 

„     phosphate,  160. 

,,     phosphide,  110. 

„     tetrahydric  sulphate,  160. 
Calcium,  160. 
Capacity,  measures  of,  33. 
Capillary  pyrites,  197. 
Caproyl,  209. 
Caprylene,  213. 
Carbon,  67. 

,,     compounds  of,  with  oxygen, 
67. 

Carbonates,  58. 
Carbonic  disulphide,  72. 
,,      oxide,  58. 
,,      oxydichloride,  69. 
,,      tetrachloride,  57. 
Carburetted  hydrogen,  light,  234. 
Caustic  antimony  bases,  377. 

„     arsenic  bases,  377. 

,,     baryta,  169. 

,,     nitrogen  bases,  377. 

,,     phosphorus  bases,  377. 

,,     potash,  147. 
Celestine,  160. 
Ce^'otene,  214. 
Cetvantite,  133. 
Cetene,  214. 
Chalcedony,  102. 
Chalk,  160. 

Chemical  action,  modes  of,  1. 

„      affinity,  4. 

„       equations,  15. 

,,       notation,  14. 
Chemistry,  definition  of,  1. 

,,        organic,  199. 
Chiastolite,  177. 
Chloracetamide,  372. 
Chloraniline,  376. 
Chlorates,  preparation  of,  49. 
Chlorhydrate,  ethylenic,  281,  287. 
Chlorhydric  acid,  39. 
Chlorhydrin,  282,  289. 
Chloride,  methylic,  285. 

„       of  selenium,  84. 
Chlorides,  39, 


Chlorine,  37. 

„  action  of,  on  the  radicals 
of  the  ethylene  series, 
214. 

„        compounds  of,  with  oxy- 
gen and  hydroxyl,  45. 
„        oxides  of,  45. 
Chloro-compounds  of  benzol,  241. 
Chloroform,  286. 
Chloronitric  gas,  66. 
Chloronitrous  gas  66. 
Chloropal,  103. 
Chloropernitric  gas,  66. 
Chlorous  elements,  4. 

„       elements,  table  of,  4. 
„       organic  radicals,  207. 
Chrome  iron  ore,  186. 

,,       potassium  alum,  187. 
Chromium,  185. 

Chlorochromic  acid,  188. 
Chrome  iron  ore,  186. 
Chromic  anhydride,  186. 
,,      chloride,  185. 

dichlorodi  oxide,  188, 
,,      dioxide,  186. 
,,      hydrate,  187. 
,,      oxide,  186. 
„      perfluoride,  185, 
Chromium,  atomicity  of,  185. 

,,         compounds  of,  185. 
Chromous  chloride,  185. 

„       dichromic  tetroxide, 
186. 

„  dipotassicdisulphate, 
187. 

„       hydrate,  185. 
„       oxide,  185. 
„       sulphide,  188. 
Crocoisite,  187. 

Dichromic  ferrous  tetroxide,  186. 

„        hexanitrate,  187. 

„        trisulphate,  187. 

,,       trisulphide,  188. 
Dihydric  sulphate  chromate,  187- 
Diplumbic  chromate,  184. 
Dipotassic  chromate,  186. 

„        chromous  disulphate, 
187. 

„       dichromate,  186, 
„       dichromic  tetrasul- 

phate,  187, 
„       trichromate,  186. 
Normal  potassic  chromate,  186. 
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Chromium  {continued). 

Octochromic    carbonate  dihy- 

drate,  187. 
Perchromic  acid,  187. 
Plumbic  chromate,  187. 
Potassic  bichromate,  186. 

chlorochromate,  188. 
„       terchromate,  186. 
Potassium  chrome  alum,  187. 
Eed  lead  ore,  187. 
Sulphochromic  acid,  187. 

anhydride,  188. 
Tetrapotassic  dichromosul- 

phate,  187. 
Triplumbic  dicliromate,  184. 
Chryson,  101. 
Cimolite,  177. 
Cinchonine,  370. 
Cinnabar,  168. 
Citramide,  375. 

Citryl-triphenyl-triamide,  375. 
Classification  of  elements,  31. 

„  organic  compounds, 

206. 

Clay,  porcelain,  177. 

porcelain  of  Passau,  177. 
Cobalt,  195. 

Atomicity  of  cobalt,  195. 
Cobalt  pyrites,  196. 
Cobaltic  chloride,  195. 
,,      disulphide,  197. 
,,      oxide,  195. 
,,      oxydihydrate,  196. 
„      sulphide,  196. 
Cobaltoso-diammon-diammonic 

dichloride,  196. 
Cobaltous  chloride,  195. 

„        dicobaltic  tetroxide, 
195. 

„         dihydric  sulphate, 
197. 

„        dinitrate,  196. 

„        dipotassic  dicarbo- 

nate,  196. 
„        dipotassic  disulphate, 

196. 

„        hydrate,  196. 
„        oxide,  195. 
,,        sulphide,  196. 
Compounds  of  cobalt,  195. 
Dicobaltic  hexammon-hexam- 
monic  hexachlo- 
ride.  196. 


Cobalt  {continued). 

Dicobaltic  tetrammon-hexara- 
monic  hexachlo- 
ride,  196. 
Dicobaltous    carbonate  dihy- 
drate,  196. 
„  oxysulphide,  197. 

Dihydric  cobaltous  sulphate,  197 
„         pentacobaltous  dicar- 
bonate  tetrahydrate, 
196. 

Dipotassic  cobaltous  dicarbo- 
nate,  196. 
„        cobaltous  disulphate, 
196. 

Hexacobaltic  heptoxide,  195. 
Luteo-cobalt  chloride,  196. 
Purpureo-cobalt  chloride,  196. 
Roseo-cobalt  chloride,  196. 
Codeine,  370. 
ColMine,  367. 
CoUyrite,  177. 
Combination,  atomic,  30. 

,,  molecular,  30. 

Combining  proportions,  2. 
Common  sodic  phosphate,  119. 
Compound  organic  radicals,  200. 
„         basylous    radicals,  hy- 
drides of,  232. 
„        negative    radicals,  hy- 
drides of,  232. 
oxamides,  232. 
, ,        positive  radicals,  hydrides 

of,  232. 
„        radicals,  26. 
„        radicals,  chief  inorganic, 

list  of,  28. 
„        radicals,  definition  of,  27. 
„        radicals,  dyad,  27. 
„        radicals,  monad,  27. 
„        radicals,  symbols  of,  28. 
„        radicals,  triad,  27. 
,,        substances,  1. 
„        of  nitrogen  with  chlorine, 
69. 

„        of  nitrogen  with  iodine 

and  hydrogen,  69. 
„        of  nitrogen  with  chlorine 

and  oxygen,  66. 
„        of  nitrogen  with  hydro- 
gen, 67. 
Compounds,  1. 

„        binary,  7. 
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Compounds  of  chlorine  with  oxygen 
and  hydroxyl,  45. 
„       organic,  199. 
,,       of  carbon  with  oxygen,57. 
of  sulphur  with  basylous 
elements,  70. 
„       of  sulphur  with  positive 
elements,  70. 

Conine,  366. 

Constituents  of  organic  compounds, 

199. 
Copper,  170. 

Ammoniocupric  carbonate,  173. 

„  sulphate,  172. 

Atomicity  of  copper,  170. 
Azurite,  173. 
Blue  copper,  171. 

,,    malachite,  173. 
Brochantite,  172. 
Compounds  of  copper,  170. 
Copper,  acetylide  of,  219. 
azure,  173. 
„      glance,  171. 
„      pyrites,  194. 
Cupric  chloride,  170. 
„      hydrate,  171. 
„      nitrate,  171. 
„      oxide,  171. 

phospliide,  109. 
„      sulphide,  171. 
,,      sulphohydrate,  171. 
Cuprodiammonic  carbonate,  173. 
Cuprosovinylic  ether,  219. 
Cuprous  chloride,  170. 
„       hydrate,  170. 
„       hydride,  170. 
„       oxide,  171. 

quadrantoxide,  171- 
„       sulphide,  171. 
Dicupric  carbonate,  172. 

,,       carbonate  dihydrate, 
172. 

Diferric  dicupric  trtrasulpliide, 
194. 

Dihydric  cupric  sulphate,  171 . 

diammonic  cuprodi- 
ammonic sulphate,  172. 
,,       tetracupric  sulphate 
tetrahydrate,  172. 
tricupric  dicarbonate, 
173. 
Dioptase,  173. 

Dipotassic  cupric  disulphate,  172. 


Copper  {continued). 

Hydric  cupric  silicate  hydrate,  173. 
„    pentacupric  sulphate  pen- 
tahydrate,  172. 
tricupric  sulphate  trihy- 
drate,  171. 
Indigo  copper,  171. 
Malachite,  172. 
Mountain-blue,  173. 
Mysorin,  172. 
Red  copper  ore,  171. 
Ruby  ore,  171. 
Coquimbite,  194. 
Cream  of  tartar,  132. 
Crith,  34. 

„     use  of,  34. 
Crocoisite,  187. 

Crystallization,  water  of,  30,  43. 
Cubic  foot,  33. 
Ciimol,  237. 

Cupric  compounds  (see  Copper). 
Cuprous  compounds  (see  Copper). 
Cyamelide,  228. 
Cyanic  hydride,  243. 
Cyanides,  double,  224. 

„      easily  decomposable,  225. 

,,      single,  224. 
Cyanite,  177. 
Cyanogen,  221,  222. 

„        clilorides  of,  227. 
Cymol,  237. 

Dark-red  silver,  137. 
Definition  of  acids,  8. 

„  acid  salts,  13. 

„  anhydrides,  8,  10. 

„  anhydrous  acids,  8,  10. 

„  artiads,  20, 

,,  bases,  11. 

„  basic  salts,  13. 

,,  chemistry,  1. 

,,  compound  radicals,  27. 

„  dyads,  20. 

,,  dibasic  acids,  9. 

,,  haloid  salts,  12. 

„  hexads,  20. 

„  hydrates,  11. 

,,  monads,  20. 

„  monobasic  acids,  9. 

„  neutral  salts,  12. 

„  normal  salts,  12. 

,,  oxy  salts,  12. 

pentads,  20. 
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Definition  of  perissads,  20. 

„  poly  basic  acids,  9. 

„  salts,  12. 

„  sulpho-salts,  12. 

„  tetrads,  20. 

,,  triads,  20. 

Derivatives  of  glycol,  265. 

„        substitution,  of  benzol, 
239. 

Development  of  formulae,  203. 
Diacetic  glycol,  362. 
Diacetimide,  373,  376. 
Diacetin,  362. 

Diacid  alcohols,  244,  245,  262. 
Diadelphic  type,  201,  202. 
Dialkalamides,  375. 
Diamide,  trimercuric,  170. 
Diamides,  374. 

„       constitution  of,  374. 

„       formation  of  primary,  374. 

„       primary,  374. 

,,       secondary,  374. 

,,       tertiary,  374. 
Diamines,  364,  367. 

,,       formation  of,  367. 

,,       monacid  salts  of,  379. 

„       normal  salts  of,  379. 

„       oxides  of,  368. 

„       primary,  368. 

,,       secondary,  368. 

,,       tertiary,  368. 
Diamond  boron,  52. 
Diarsenious  disulphide,  124. 
Diaspore,  176. 
Diatomic  molecules,  3,  19. 
Dibasic  acids,  337. 

,,      acids,  anhydrides  of,  357. 
„      acids,  definition  of,  9. 
,,      acids,  fumaric   or  acryloid 
series  of,  345. 
Dibismuthic  tetr oxide,  140. 
Dibismuthous  dioxide,  140. 

„  disulphide,  144. 

„  tetrachloride,  140. 

Dibrombenzol,  239. 
Dicadmic  sulphate  dihydrate,  167. 
Dichloraniline,  376. 
Dichlorbenzol,  241. 
Dichlorethide,  bismuthous,  139. 
Dichlorhydrin,  282,  289. 
Dichlorinated  methylic  chloride,  285. 
Diethylamine,  366. 
Diethylated  acetone,  360. 


Diethylene  triammonic  dichloride, 
379. 

„         triammonic  monochlo- 
ride,  379. 

, ,     triammonic  trichloride,379 . 
Diethyloxamide,  375. 
Diglucinic  silicate,  102. 
Dimethylamine,  366. 
Dimethylated  acetone,  360. 
Dinitrobenzol,  242. 
Diopside,  103. 
Dioptase,  173. 

Diphenyl-carbonyl-oxalyl  diamide, 
375. 

Disodic  disulphate,  77. 
Displaceable  hydrogen,  9. 
Distannic  hexethoxide,  390. 
Disulphide,  dibismuthous,  144. 
Ditelluro-sulphide,  bismuthous,  145. 
Dithionates,  82. 
Dititanic  dinitride,  106. 

,,       hexachloride,  106. 
Dizirconic  silicate,  102. 
Dodecasodic  decaphosphate,  115. 
Dolomite,  162, 
Double  cyanides,  224. 

,,  monadelphic  type,  202,  203. 
Dyad  basylous  radicals,  212. 

,,     compound  radicals,  27. 
Dyads,  definition  of,  19. 
Dyad  elements,  39,  155. 
Dyads,  list  of,  32. 

Dyad  positive  radicals,  haloid  ethers 
of,  281,  287. 

Elaldehyde,  294. 
Electric  calamine,  165. 
Electro -negative  elements,  4. 

,,     -positive  elements,  4. 
Elementary  molecule,  2. 
Elements,  1. 

„        atomicity  of,  17. 
basylous,  4. 

„        chlorous,  4. 

„        chlorous,  table  of,  4. 

,,        classification  of,  31. 

„        dyad,  39. 

„        electro-negative,  4. 

„        electro-positive,  4. 

,,        hexad,  69. 

,,        monad,  36. 

„        names  of,  6,  7. 

„        negative,  4. 
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Elements,  pentad,  60. 
,,        positive,  4. 
„        table  of,  6. 
„        tetrad,  57. 
triad,  51. 
Ellenbogen,  kaolin  of,  177. 
Embolite,  154. 
Emerald,  103. 
Emetic  tartar,  132. 
Empirical  formula,  17. 
Enstatite,  102. 
Epichlorhydrin,  282,  290. 
Equations,  chemical,  15. 
Erytlirite,  270. 
Erythroglucin,  270. 
Erythromannite,  270. 
Ether,  274. 

„  allylic,  276. 
,,     amylic,  273. 

butylic,  273. 
,,     cuprosovinylic,  219. 
,,     dieth oxalic,  386. 
,,     diethylated  ethylic,  385. 

ethylenic,  277. 
„     ethylic,  274,  272. 
,,     ethylic  amylic,  273. 
„     ethylic  butylic,  273. 
„     glycylic,  279. 
„     methylic,  274,  272. 
„     methylic  amylic,  272. 
,,     methylic  ethylic,  272. 
„     monosodacetic,  304. 
„     phenylic,  276. 
„     stanntriethylic,  388. 

sulphomethylic,  362. 
,,     sulphm'ic,  274. 
„     toluylic,  276. 
Ethers,  272. 

„      formation  of,  273. 

haloid,  280. 
„      haloid,  of  the  dyad  positive 

radicals,  281,  287. 
,,     haloid,  of  the  monad  positive 

radicals,  280,  282. 
,,     haloid,  of  the  triad  positive 

radicals,  281. 
„      of  the  diacid  alcohols,  272, 
276. 

,,      of  the  methyl  series,  272. 
„       of  the  monacid  alchols,  272. 
,,       of  the  phenyl  series,  276. 
„      of  the  triacid  alcohols,  272, 
279. 


Ethers  of  the  vinyl  series,  276. 
Ethereal  salts,  243,  361. 

„       salts,  decomposition  of,  362. 

„       salts,  definition  of,  361. 

„       salts  of  diacid  alcohols,  362. 

„       salts  of  dibasic  acids,  362. 

„       salts,  dibasic  acids,  acid, 
362. 

„       salts,  dibasic  acids,  neu- 
tral, 362. 

, ,       salts,  monacid  alcohols,  362. 

,,       salts,  monobasic  acids,  362. 

,,       salts,  triacid  alcohols,  362. 

„       salts,  tribasic  acids,  362. 

,,       salts,  tribasic  acids,  acid, 
362. 

,,       salts,  tribasic    acids,  neu- 
tral, 362. 

,,       salts,  production  of,  361. 
Ethide,  antimonious,  128. 

,,      boric,  51. 

,,      bismuthous,  139. 

,,      hypostannic,  387. 

„      lithiomercuric,  391. 

,,      lithiozincic,  391. 

„      magnesic,  391. 

,,      mercuric,  386. 

,,      perplumbic,  388. 

,,      potassic,  389. 

„      potassio-zincic,  391. 

„      sodio-zincic,  391. 

,,      stannic,  387. 

,,      stannous,  387. 

,,      tellurium,  390. 

„      zincic,  389. 
Ethobromide,  mercuric,  386. 
Ethodiniodide,  hypostannic,  387- 
Ethohydrate,  mercuric,  387. 
Ethonitrate,  mercuric,  391. 
Ethoxyl,  203. 
Ethyl,  208,  210. 

,,     acetone,  360. 

,,     acetyl,  360. 

,,     butyral,  360. 

,,     propionyl,  360. 

„     urea,  368. 

„     acetamide,  375. 
Ethylamine,  365. 
Ethylammonic  chloride,  378. 
Ethylamylamine,  366. 
Ethylated  acetone,  360. 
Ethyl  diacetamide,  375. 
Ethylene,  213. 
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Ethylene  compounds,  214. 

diamine,  369. 
Ethylene-diammonic  dichloride,  379. 

„  monocliloride,379. 
Ethylene  diethyl  diamine,  369. 
„       series,  212, 
„       series  of  radicals,  action 
of  chlorine  on,  214. 
Ethylenic  bromide,  288. 
„       chloride,  287. 

chlorhydrate,  281,  287. 
„       cyanide,  289. 
„       dichloride,  281. 
„       ether,  277. 
„       iodide,  288. 

iodhydrate,  287. 
•   „       oxide,  277. 

„       oxide,  isomers  of,  277. 
Ethylic  acetate,  362. 
„     chloride,  286, 
„     diethacetone  carbonate,  360. 

disodacetone  carbonate,  359. 
„     ethacetone  carbonate,  359. 
„     ether,  274. 

„     ethylozincic  diethoxalate, 

386. 
„     iodide,  286. 
„     sodacetone  carbonate,  359. 

succinate,  362, 
„      sulphhydrate,  251. 
„     sulphide,  276. 
Ethylidene  and  ethylene,  isomerism 
of,  328. 
„        compounds,  215. 
,,        cyanhydrate,  329. 
Ethylochlorether,  385. 
Ethylodimethide,  stannic,  387. 
Ethylo-zincic  dinitromethylate,  386. 
„         ethylic  diethoxalate, 
386, 

Ethylphenylamine,  366. 

Fahl  ore,  137, 
Fatty  series  of  acids,  297. 
acids,  normal,  298. 

„    acids,  secondary,  310. 

„    acids,  tertiary,  311. 
Feather  ore,  137. 
Felspar,  103. 

Ferric  compounds  (see  Iron). 
Ferricyanide,  potassic,  227. 
Ferrocyanide,  potassic,  226. 
Ferrous  compounds  (see  Iron). 


Fibrolite,  177. 

Fibrous  brown  iron  ore,  192. 
Fire-damp,  234. 
Flint,  102, 

Fluoride,  antimonious,  130. 

„      bismuthous,  140. 

„      boric,  53. 

„      silicic,  100. 
Fluorine,  96. 

,,      compound  of,  with  hydro- 
gen, 97. 

Foot,  33. 

„    cubic,  33. 
Formula;,  14, 

„       development  of,  204. 
„        empirical,  17. 
„        graphic,  meaning  of,  25, 
,,       graphic,  of  organic  com- 
pounds, 205. 
„       rational,  17. 
,,       statical    and  dynamical, 
26. 

Formyl,  220. 
Fowler's  solution,  122. 
Francolite,  119, 

Fumaric  or  acryloid  series  of  acids, 
345. 

„      or  acryloid  series  of  acids, 
isomerism  in,  345. 

Galena,  182. 

Gallon,  33. 

Gas,  chloronitric,  66, 

„    chloronitrous,  66. 

„    chloropernitric,  66. 

„    laughing,  64. 

„    phosgene,  59. 
Gaseous   phosphoretted  hydrogen, 
108. 

Gaultheria  procumbens,  oil  of,  249, 
Gibbsite,  175, 
Glance,  bismuth,  144. 
,,     iron,  192. 
„     nickel,  198, 
silver,  154. 
Glucose,  271, 
Glycerin,  267,  268. 
Glycocin,  337. 
Glycol,  acetobutyric,  266. 
,,      amylic,  262. 
„      brom^thylic,  265. 
,,      bromhydxic,  265. 
butylic,  262. 
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Glycol,  cblorhydric,  265,  281,  287. 
,,      derivatives  of,  265. 
„      diacetic,  265,  362. 
,,      diethylenic,  266. 
,,      diethylic,  265. 
„      disodic,  265. 
„      ethylic,  262,  264. 
„      hexethylenic,  266. 
,,      hydric  ethylic,  265. 

iodhydric,  287. 
,,      monacetic,  265,  362. 
,,      monosodic,  265. 
„      pentethylenic,  266. 

propylic,  262. 
„      sulphur,  265. 
„      tetrethylenic,  266. 
„      triethylenic,  266. 
Glycollic  acetobromide,  265. 
Glycols,  2!  .2. 

„      polyethylenic  206. 
„      relations  of  succinic  series 
to,  340. 
Glycolvl,  221. 
Glyoxal,  334. 

Glyoxyloid  series  of  dibasic  acids, 

351. 
Gold,  174. 

Atomicity  of  gold,  174. 
Auric  anhydride,  174. 
„    chloride,  174. 
„    iodide,  174. 
„    oxide,  174. 
„     sulphide,  174. 
Aureus  chloride,  174. 
„     iodide,  174. 
„      oxide,  174. 
„      sulphide,  174. 
Compounds  of  gold,  174. 
Potassic  aurate,  174. 
Grain,  34. 
Gramme,  34. 

Graphic  formula,  meaning  of,  25. 

„      formulae  of  organic  com- 
pounds, 205. 

„      notation,  23. 
Graphitoidal  boron,  52. 
Green  salt  of  Magnus,  179. 
Greenockite,  167. 
Grey  antimony  ore,  136. 

„    nickel  ore,  198. 
Grossularia,  103. 
Guanite,  163. 
Gypsum,  160. 


Hsematite,  brown,  192. 

red,  192. 
Hair  nickel,  197.  • 

Haloid  compounds  of  oxybases,  363, 
376. 
„     ethers,  280. 

„     ethers  of  the  dyad  positive 
radicals,  281,  287. 

„     ethers  of  the  monad  positive 
radicals,  280. 

„     ethers  of  the  triad  positive 
radicals,  281,  289. 

,,     salts,  definition  of,  12. 
Hartmangan,  189. 
Hausmanite,  189. 
Heavy  spar,  156. 
Helvine,  191. 
Hepar  sulphur  is,  150. 
Heptylene,  213. 
Heterocline,  191. 
Hexad  elements,  69,  185. 
Hexads,  definition  of,  20. 

,,      list  of,  32. 
Hexasodic  tetraphosphate,  115. 
Hexatomic  molecules,  3. 
Hexylene,  213. 
Horn-mercury,  168. 

,,    silver,  154. 
Hydrate,  argentic,  155. 

,,       baric,  159. 

„       cadmic,  167. 

„       calcic,  161. 

,,       magnesic,  162. 

,,       potassic,  147. 

„       sodic,  151. 

,,       strontic,  159. 

,,       zincic,  166. 
Hydrates,  43. 

„        definition  of,  11. 
Hydric  oxide,  43. 

,,      peroxide,  44. 

,,      persulphide,  72. 

,,      sulphate,  74. 
Hydride,  anylic,  234,  236. 

„       antimonious,  126. 
butylic,  234. 

„       caproylic,  234. 

,,       cuprous,  170. 

„       cyanic,  243. 

„       decatylic,  234. 

,,       dodecatylic,  234. 

,,       en  decatylic,  234. 
ethylic,  234,  236. 
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Hydride,  heptylic,  234. 
„       hexylic,  234. 
„       metliylic,  234. 
,,       nonylic,  234. 
,,       octylic,  234. 
„       oxatylic,  243. 
„       pentadecatylic,  234. 
„       pentylic,  234. 
„       phenylic,  238. 
„       propylic,  234. 
„        silicic,  99. 
„       tetradecatylic,  234. 
„       tetrylic,  234. 
„       tridecatylic,  234. 
tritylic,  234. 
Hydrides  of  compound  basylous  ra- 
dicals, 232. 
„     of  compound  negative  ra- 
dicals, 232,  243. 
,,     of  compound  positive  ra- 
dicals, 232. 
„     of  the  radicals  of  the  me- 
thyl series,  232. 
„     of  the  radicals  of  the  phe- 
nyl series,  237. 
Hydrochloric  acid,  39. 

glycide,  282. 
Hydrodiniodide,  nitrous,  69. 
Hydrogen,  36. 

,,        bicarburet  of,  238. 
„        compounds  of,  with  nitro- 
gen, 67. 
,,        displaceable,  9. 
„        sulphuretted,  71. 
Hydrosulphate  of  ethyl,  251. 
Hydrosulphyl,  28,  72. 
Hydroxyl  28,  44. 
Hyperoxide,  chloric,  45. 
Hypochlorites,  48. 
Hypochlorous  anhydride,  46. 
Hypostannic  ethide,  392. 

„         ethodiiodide,  392. 
Hyposulphites,  81. 

Imides,  363,  376. 

,,      general  formula  of,  376. 
Imidogen  bases,  365. 
Indigo  copper,  171. 
Inorganic  compound  radicals,  chief, 

list  of,  28. 
Introduction  to  organic  chemistry, 

199. 
lodates,  95. 


Iodides,  antimonious,  130. 

'„      bismuth  ous,  140. 
Iodide,  phosphonic,  107,  109. 
Iodine,  90. 

,,     compounds  of,  with  oxygen 
and  hydroxyl,  93. 
lodhydric  glycol,  287. 
lododiethide,  stannic,  387. 
lodotriethide,  stannic,  387. 
Iron,  192. 

Atomicity  of  iron,  192. 
Brown  haematite,  192. 

„      iron  ore,  193. 
Chrome  iron  ore,  186. 
Compact  brown  iron  ore,  192. 
Compounds  of  iron,  192. 
Copper  pyrites,  194. 
Coquimbite,  194. 
Dichromic   ferrous  tetroxide, 
186. 

Diferric  dicupric  tetrasulphide, 
194. 

„       dioxy-dihydrate,  193. 

,,      hexahydi-ate,  192. 

„       hexanitrate,  194. 

„       oxy-tetrahydrate,  193. 

,.       trisulphate,  194. 

,,       trisulphide,  194. 
Diferrous  sulphide,  193. 
Dipotassic  diferric  tetrasulphate, 
194. 

„       ferrous  disulphate, 
194. 

Ferric  chloride,  192. 

„     disulphide,  193. 

„     oxide,  192. 

„     trisilicate,  103. 
Ferrous  carbonate,  195. 

,,       chloride,  192. 

„        dichromic  tetroxide, 
186. 

,,        diferric  tetroxide,  193. 
„        dipotassic  disulphate, 
194. 

„        hydrate,  192. 
„        nitrate,  195. 
„        oxide,  192. 
„        sulphate,  194. 
„        sulphide,  193. 

Fibrous  brown  iron-ore,  192. 

Heptaferric  octosulphide,  195. 

Hexahydric    diferric  diphos- 
phate dihydrate,  194. 
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Iron  {continued). 

Iron  glance,  192. 

„    micaceous,  192. 

,,     ore,  brown,  193. 

,,     ore,  compact  brown,  192. 

,,    ore,  fibrous  brown,  192. 

„     ore,  magnetic,  193. 

„     ore,  needle,  193. 

„     ore,  spathic,  195. 

potassium  alum,  194. 

„     pyrites,  193. 

,,     specular,  192. 
Magnetic  iron  ore,  193. 

„        pyrites,  195. 
Martial  pyrites,  193. 
Micaceous  iron,  192. 
Needle  iron  ore,  193. 
Octoferrous  sulphide,  193. 
Oligist,  192. 
Potassic  ferrate,  193. 
Potassium  iron  alum,  194. 
Red  haematite,  192. 
Spathic  iron  ore,  195. 
Specular  iron,  192. 
Tetraferric  sulphate,  194. 

„  trioxvhexahydrate, 

Tetrahydric  tetraferric  sulphate 

octohydrate,  194. 
Triferric  tetroxide,  193. 
Vitriol  ochre,  194. 
Ii'regular  names,  8,  11. 

,,        names  of  bases,  11. 
Isomeric  forms  of  valeric  acid, 
309. 

Isomerism  of  ethylene  and  ethyli- 
dene,  328,  346. 
„         in  the  lactic  series,  325. 
Isomerism  in  fumaric  or  acryloid 

series,  345. 
Isopropylic  alcoliol,  253. 
„        iodide,  268. 

Kaolin  of  Ellenbogen,  177- 
Ketones,  357. 

„       formation  of,  358. 

„       isomerism  of,  360. 
list  of,  360. 

„       of  the  C„H2n-7  series,  361. 
Kobellite,  145. 
Kupfernickel,  198. 

Labradorite,  103. 


Lactic  series  of  acids,  relations  of,  to 
acetic  series,  324. 
,,      series  of  acids,  relations  of,  to 

acrylic  series,  324. 
„     series  of  acids,  relations  of  suc- 
cinic series  to,  340^ 
Lactide,  357. 

Lactoid  series  of  dibasic  acids,  349. 

Lactyl,  221. 

Lanarkite,  184. 

Latent  atomicity,  21. 

Laughing  gas,  64. 

Law  of  volumes,  3. 

Lead,  180. 

Basic  hyponitrate  of  lead,  183. 

Crocoisite,  187. 

Dihydric  diplumbic  nitrate  hy- 
drate, 183. 
„        diplumbic  nitrate  ni- 
trite, 183. 
„       triplumbic  dicarbo- 
nate,  184. 
Diplumbic  chromate,  184. 

„        nitrite  hydrate,  182. 
„  oxychlorohydrate, 
182. 

„        oxydichloride,  181. 
„        oxydihydrate,  181. 
„        sulphate  carbonate, 
184. 

„  sulphodichloride, 
182. 
trioxide,  181. 
Dipotassic  plumbate,  184. 
Galena,  182, 

Hydric  plumbic  nitrate,  183. 

Lanarkite,  184. 

Lead,  atomicity  of,  180. 

„     compounds  of,  180. 

„     spar,  183. 

,,     vitriol,  182. 
Leadhillite,  184. 
Litharge,  181. 
Matlockite,  181. 
Mendipite,  182. 

Octoplumbic  heptoxydichloride, 
182. 

Perplumbic  chlorotriethide, 
388. 

„         ethide,  388. 

„         triethohydrate,  388. 
Plattnerite,  181. 
Plumbic  carbonate,  183. 
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Lead  {continued). 

Plumbic  chloride,  180. 

„       chlorohydrate,  181. 
„       chr  ornate,  187. 
„       di  nitrate,  183. 

dinitrite,  182. 
„       hydrate,  181. 
„       nitrite  hydrate,  182. 
„       oxide,  181. 
„       peroxide,  181. 
„       sulphate,  182. 
,,       sulphide,  182. 
Plumbous  oxide,  181. 
Eed  lead,  181. 

ore,  187. 
Tetraplumbic  pentoxide,  181. 
„  tricarbonate  sul- 

phate, 184. 
Triplumbic  dichromate,  184. 
„         dihydrate  dicarbo- 

nate,  184. 
,,         oxydichloride,  182. 
,,         tetroxide,  181. 
White  lead  ore,  183. 
Lead,  basic  hyponitrate  of,  183. 
ore,  red,  187. 
„     ore,  white,  183. 
„     spar,  183. 
„     Titriol,  182. 
Leadhillite,  184. 
Lead,  red,  181. 
Length,  measures  of,  33. 
Lepidolite,  178. 
Letters,  thick,  use  of,  16. 
Leucin,  332. 
Leukon,  101. 

Light  carburetted  hydrogen,  234. 
Lime,  chloride  of,  48,  161. 

„     slaked,  161. 
Liquid  phosphoretted  hydrogen,  108, 
110. 

List  of  dyads,  32. 

„     hexads,  32. 

„     monads,  32. 

„     pentads,  32. 

„     tetrads,  32. 

„     triads,  32. 
Litre,  33. 
Lithia,  152. 
Litharge,  181. 
Lithic  chloride,  152. 

„     hydrate,  152. 
Li thiomer curie  ethide,  391. 


Lithiozincic  ethide,  391. 
Lithium,  152. 
Liver  of  sulphur,  150. 
Luteo -cobalt  chloride,  196. 
Lutidme,  367. 

Magnesia,  162. 

„       alba,  164, 
Magnesic    aluminate  {Spinelle), 
176. 

„       carbonate,  163. 

„       chloride,  162. 

,,       ethide,  391. 

„       hydrate,  162. 

„       oxide,  162. 

„       sulphate,  162. 
Magnesite,  163. 
Magnesium,  162. 
Magnetic  iron  ore,  193. 

„       pyrites,  195. 
Magnus,  green  salt  of,  179. 
Malachite,  172. " 

„        blue,  173. 
Malic  series  of  acids,  349. 
Malonyl,  221. 
Malthacite,  178. 
Manganese,  188. 

Aluminic  manganous  disilicate 
191. 

„        manganous  tetrasuL 
phate,  190. 
Atomicity  of  manganese,  188. 
Braunite,  189. 

Compounds     of  manganese 
188. 

Dihydric  dimanganic  silicate  di 
hydrate,  191. 

„  dimanganous  diphos 
phate,  191. 

„  manganous  sulphate, 
190. 

Dimanganic  dioxydihydrate, 
189. 

„        hexachloride,  188. 

„        trioxide,  189. 

„         trisulphate,  190. 
Dimanganous  silicate,  191. 
Dipotassic  dimanganic  tetrasul 
phate,  190. 

„        manganate,  189. 

„        manganous  disul- 
phate,  190. 

„       permanganate,  190. 
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Manganese  {continued). 

Disulpliopotassic  trimanganous 

disulphide,  190. 
Hartmangan,  189. 
Hausmanite,  189. 
Helvine,  191. 
Heterocline,  191. 
Hexmanganic  monosilicate,  191. 
Manganese  aluminium  alum, 
190. 
blende,  190. 
„         potassmm  alum, 
190. 

„         siliciferous,  191. 

„         spar,  190. 
Manganic  chloride,  188. 

„       oxide,  189. 

,,       perfluoride,  188. 
Manganite,  189. 
Manganous  aluminic  disilicate, 
191. 

„        chloride,  188. 

„         aluminic  tetrasul- 

phate,  190. 
„         carbonate,  190. 
„         dihydric  sulphate, 

190. 

„         dimanganic  tetrox- 

ide,  189. 
„         dimanganic  tetrox- 

ide  dihydrate,  189. 
„         dipotassic  disul- 

phate,  190. 
„         hydrate,  188. 
„         oxide,  189. 
„         silicate,  191. 
„         sulphide,  190. 
Potassium  manganese  alum, 
190. 

Psilomelane,  189. 
Pyrolusite,  189. 
Red  manganese,  191. 
Kothbraunsteinerz,  191. 
Rother  Mangankiesel,  191. 
Siliciferous  manganese,  191. 
Schwarzer  Mangankiesel,  191. 
Tephroite,  191. 

Triglucinic  tetramanganous  tri- 

silicate  sulphide,  191. 
Trimanganic  tetroxide,  189. 
Varvicite,  189. 
Manganese  aluminium  alum,  190. 
„        blende,  190. 


Manganese  potassium  alum,  190. 
red,  191. 
„        spar,  190. 
Manganite,  189. 
Mannite,  271. 

Manufacture  of  nitric  acid,  62. 
Marble,  160. 
Marks  of  atomicity,  18. 
Marsh-gas,  234. 

„        series,  hydrides  of, 
232. 
type,  201. 
Martial  pyrites,  193. 
Matlockite,  181. 
Meadow-sweet,  oil  of,  336. 
Measures  of  capacity,  33, 
length,  33. 
„         surface,  33. 
„         weight,  34. 
Measures,  weights  and,  32. 
Meerschaum,  103. 
Melene,  214. 
Mendipite,  182. 
Mendius's  reaction,  248. 
Mercaptan,  2.51. 
Mercury,  168. 
Cinnabar,  168. 

Dihydric  trimercuric  dinitrate, 
169. 

Dimercurous  dinitrate,  169. 
Hexahydric  trimercurous  tetra- 

nitrate,  169. 
Horn-mercury,  168. 
Mercurous  tetrahydric  dinitrate, 

169. 

Mercurammonic  chloride,  170. 
Mercuric  amylide,  384. 

„       chloride,  168. 

„       ethide,  386. 

„       ethobromide,  386. 

„       ethohydrate,  387. 

„       ethonitrate,  391. 

„       iodoethide,  389. 

„       methide,  387. 

„       methiodide,  387. 

„       methohydrate,  387- 

„       oxide,  168. 

sulphate,  168. 

„       sulphide,  168. 
Mercurosodiammonic  dichlo- 

ride,  169. 
Mercurosomercuro-diammonic 
dichloride,  170. 

T  2 
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Mercury  {contmued). 

Mercurous  chloride,  168. 

„  dimercuricdinitrate, 
169. 

„        oxide,  168. 
„        sulphate,  168. 
„        sulphide,  168. 
Methohydrate,  mercuric,  387. 
Organo-mercurie  compounds, 

382,  386,  389. 
Tetrahydric  dimercuric  dini- 
trate,  169. 
„         mercuric  dinitrate, 
169. 

„  mercurous  dini- 

trate, 169. 
Tetramercuric  carbonate,  169. 
Trimer curie  carbonate,  169. 
„         diamide,  170. 
„         sulphate,  168. 
Turpeth  mineral,  1 68. 
Vermilion,  168. 
White  precipitate,  170. 
Metaboric  acid,  54. 
Metaldehyde,  294. 
Metalloids,  6. 

,,        names  of,  6. 
Metals,  6. 

Metaphosphates,  117. 
Metastannic  acid,  105. 
Metasulphantimonites,  137. 
Metasulphantimonite,  sulphargen- 

tic,  137. 
„  sulphocu- 

prous,  137. 
„  sulphofer- 

rous,  137. 
„  sulphoplum- 
bic,  137. 

Methide,  aluminic,  389. 
„       boric,  386. 
„       mercuric,  391. 
„       potassio-zincic,  391. 
„       tellurium,  391. 
„       zincic,  386,  391. 
Methoxyl,  203. 
Methyl,  208. 
Methyl  acetone,  360, 
„      benzone,  361. 
„      benzoyl,  361, 
„      series,  hydrides  of  the  radi- 
cals of,  232, 
„     series  of  alcohols,  245, 246.  | 


Methyl  series,  normal  alcohols  ol, 

245,  246. 
„      series,  secondary  alcohols  of, 

245,252. 
„      series,  tertiary  alcohols  of, 

245,  254. 
„      series,  normal  radicals  of, 

207,  208. 
„      series,  preparation  of  normal 

radicals  of,  209. 
„      series,  secondary  radicals  of, 

208. 

,,      series,  tertiary  radicals  of, 

208. 
„      type,  201. 
,,      valeral.  360. 
Methylamine,  365. 
Methylated  acetone,  360. 
Methylenic  chloride,  287. 

,,        iodide.  287. 
Methylethylamine,  366. 
Methylethyl-phenylamine,  367. 
Methylic  chloric!  r,  285. 

„       chloride,  dichlorinated, 
285. 

„       chloride,  monochlorinated, 
285. 

„       chloride,  trichlorinated, 
285. 

„  oxide  {Methylic  ether),  274. 
Metre,  33. 

Micaceous  iron,  192. 
Miloschine,  177. 
Modes  of  chemical  action,  1. 
Molecular  combination,  30. 
„       union,  30, 
,,       volume,  2, 
„       volumes,  table  of,  3, 
weight,  2. 
Molecules,  2. 

„        diatomic,  3,  19. 
„        elementary,  2. 
„        hexatomic,  3. 
„        monatomic,  3,  19. 
„        tetratomic,  3. 
,,        triatomic,  3,  19. 
Monacetic  glycol,  362. 
Monacetin,  362. 
Monacid  alcohols,  244,  245. 

,,      alcohols,  secondary,  252. 
,,      alcohols,  tertiary,  254. 
,,       alcohols,   normal,   of  the 
phenyl  series,  258,  260. 
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Monacid  alcohols  of   the  phenyl 
series,  258. 
„      alcohols  of  the  vinyl  series, 
255. 

Monad  basylous  radicals,  207. 
„     compound  radicals,  27. 
„     elements,  145,  36. 
„     positive     radicals,  haloid 
ethers  of,  280,  282. 
Monadelphic  type,  201,  202. 
Monads,  definition  of,  20. 

„      list  of,  32. 
Monalkalamides,  375. 
Monamides,  372. 

„        formation  of  primary, 
373. 

,,        primary,  372. 
„        reactions  of  primary, 
373. 

„        secondary,  373. 
,,        tertiary,  374. 
Monamines,  364. 

„         formation  of  primary, 
364. 

„         formation  of  secondary, 
365. 

„         formation  of  tertiary, 
366. 

, ,  methyl  series  of  primary, 
364. 

„  phenyl  series  of  pri- 
mary, 364. 

„  methyl  series  of  secon- 
dary, 365. 

„  phenyl  series  of  secon- 
dary, 365. 

,,        primary,  364. 

„  reaction  of  primary, 
365. 

„  recognition  of  primary, 
367. 

,,  recognition  of  secondary, 
367. 

,,  recognition  of  tertiary, 
367. 

„        secondary,  364,  365. 
,,        tertiary,  364,  366. 
„        vinyl  series  of  primary, 
364. 

„  vinyl  series  of  secondary, 
365. 

Monatomic  molecules,  3,  19. 
Monobasic  acids,  anhydrides  of,  355. 


Monobasic  acids,  definition  of,  9. 

,,        boric  acid,  54. 

,,        organic  acids,  296. 
Monobrombenzol,  239. 
Monochlorbenzol,  241. 
Monochlorhydrin,  269. 
Monochlorinated  methylic  chloride, 
285. 

„  propylic  glycol, 

269. 

Monomagnesic  silicate,  102. 

Monomethylarsenic  acid,  380,  390. 

Morphine,  370. 

Mountain-blue,  173. 

Muriatic  acid,  39. 

Miargyrite,  137. 

Mysorin,  172. 

Names  of  bases,  systematic  and 
irregular,  8,  11. 
„     of  elements,  6,  7. 
,,     irregular,  8,  11. 
„     systematic,  8,  11. 
,,     trivial,  8,  11. 
Narceine,  370. 
Narcotine,  370. 
Natural  alkaloids,  370. 
Needle  iron  ore,  193. 
Needle  ore,  145. 
Negative  elements,  4. 

„      compound    radicals,  hy 

drides  of,  232,  243. 
„      organic  radicals,  207. 
Nickel,  197. 

Capillary  pyrites,  197. 
Dihydric    nickelous  sulphate, 
197. 

„  pentanickelous  dicar- 
bonate  tetrahy- 
drate,  198. 

Dinickelous  sulphide,  197. 

Dipotassic  nickelous  disulphate, 
198. 

„        nickelous  tricarbo- 
nate,  198. 
Grey  nickel  ore,  198. 
Hair  nickel,  197. 
Kupfernickel,  198. 
Nickel  glance,  198. 
Nickelic  disulphide,  197. 

„       hydrate,  197. 

„      oxide,  197. 

,,      tetrarsenide,  198. 
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Nickel  {continued'). 

Nickelous  chloride,  197. 

diarsenide,  198. 
„       dihydric  sulphate, 
197. 

„       dinitrate,  198. 
„       dipotassic  disulphate, 
198. 

„      dipotassic  tricarbo- 

nate,  198. 
„       hydrate,  197. 
,,       oxide,  197. 

sulphide,  197. 
sulphide  diarsenide, 
198. 

Nicotine,  370. 
Nitraniline,  242. 
Nitrates,  62. 
Nitric  oxide,  61,  65. 

,,     peroxide.  65. 
Nitride,  boric,  56. 
Nitrides,  general  formula  of,  376. 

„      negative,  376. 
Nitrites,  64. 
Nitrobenzol,  238,  241. 
Nitrocumol,  238. 
Nitrocymol,  238. 
Nitrogen,  60. 

„       caustic  bases  of,  377. 

„       compounds  of  triad,  and 

its  analogues,  363. 
„      compound  of,  with  chlo- 
rine, 69. 
„      compounds  of,  with  chlo- 
rine and  oxygen,  66. 
„      compounds  of,  with  hydro- 
gen, 67. 

„   .    compound  of,  with  hydro- 
gen and  iodine,  69. 
„      compounds  of  pentad,  and 

its  analogues,  377. 
„      organic  compounds  of,  363. 
,,      oxides  and  oxacids  of,  61. 
Nitrotoluol,  238. 
Nitrous  chloride,  69. 

hydrodiniodide,  69. 
,,     oxide,  61,  61. 
Nitroxylol,  238. 
Nomenclature,  5. 

,,  of  acids,  9. 

Non-metals,  6. 

„        names  of,  6. 
Nonylene,  214. 


Normal  acids,  297. 

„      acids  of  the  acrylic  series, 
312. 

„      acids  of  the  lactic  series,  317. 

„      fatty  acids,  298. 

„      monacid  alcohols  of  phenyl 

series,  258,  260. 
„      olefine   acids  of  the  lactic 

series,  321. 
radicals  of  methyl  series, 

207,  208. 
,,      radicals  of  methyl  series, 

preparation  of,  209. 
„      salts,  12. 
,,      salts  of  amines,  379. 
Notation,  14. 

„       chemical,  14. 

„      graphic,  23. 

,,       symbolic,  14. 

„       of  organic  compounds,  201. 

Ochre,  bismuth,  141. 

„     vitriol,  194. 
Octylene,  213. 
CEnanthylene,  213. 
Oil  of  bitter  almonds,  295. 
„  of  Gaultheria  procumbens,  249. 
Okenite,  103. 
Olefine  type,  202. 
Oleic  series  of  acids,  312. 
Oligist,  192. 
Opal,  102. 

Organic  antimonic  acids,  380. 
„      arsenic  acids,  380. 
„      arsenic  chlorides,  380. 

arsenic  oxy chlorides,  380. 
„      bases,  364. 
„       bases,  periodides  of,  31. 
„       chemistry,  199. 
,,      compounds,  199. 
„      compounds,  classification 
of,  206. 

„  compoimds,  graphic  for- 
mulae of,  205. 

„  compounds,  notation  of, 
201. 

radicals,  200,  207. 
„      radicals,  basylous,  207. 
„      radicals,  chlorous,  207,  221. 
„       radicals,  negative,  207,  221. 
,,      radicals,  positive,  207. 
Organo-aluminic  compounds,  389. 
I       „       antimony  compounds,  390. 
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Organo-arsenic  compounds,  390, 
bismuth  compounds,  390. 
.,      cadmium  compounds,  389. 
„     lead  compounds,  388. 
„     magnesium  compounds, 
389. 

„     mercury  compounds,  386. 
,,     potassium  compounds,  384. 
,,      sodium  compounds,  384. 
„     tellurium  compounds,  388. 
„      tin  compounds,  387. 
,,     zinc  compounds,  384,  389. 
Organometallic  bodies,  381. 

bodies,  constitution 
of,  388.  ■ 
„  bodies,  definition  of, 

381. 

„  bodies,  formation  of, 

382. 

„  bodies,  reactions  of, 

384. 

„  bodies,  types  of,  389. 

Orthose,  103. 

Orthosulpliantimonites,  137. 
Ounce,  34. 

Oxacids  of  nitrogen,  61. 
Oxalates,  230. 
Oxamide,  231,  374. 
Oxamides,  compound,  232. 
Oxatyl,  221,  228. 
Oxatylic  hydride,  243. 
Oxide,  antimonious,  130,  131. 

,,     bismuthic,  142. 

„     bismuthous,  139,  140,  141. 

„     carbonic,  58. 

„     chloric,  45. 

„     hydric,  43. 

„     hyperchlorous,  45. 

„     nitric,  61,  65. 

,,     nitrous,  61,  64. 
Oxides  of  antimony,  130. 

,,     of  chlorine,  45. 

,,     of  nitrogen,  61. 
Oxyantimonic  bases,  378. 

,,         bases,  salts  of,  380. 
Oxyarsenic  bases,  377. 

,,        bases,  salts  of,  380 
Oxybases,  363,  371. 

„      arsenious,  371. 
„      haloid  compounds  of,  363, 
376. 

Oxygen,  39. 

„      allotropic,  41. 


Oxygen  compounds  of  carbon,  57. 
Oxy salts,  definition  of,  12. 
Ozone,  41. 

Papaverine,  370. 
Paraffin,  237. 
Paraldehyde,  294. 
Paramylene,  214. 
Parvoline,  367. 
Passau,  porcelain  clay  of,  177. 
Pentad  elements,  60,  107. 
Pentads,  32. 

,,       definition  of,  20. 
Peridote,  102. 
Periodates,  96. 
Perissads,  20. 
Petalite,  176. 
Phenacite.  102. 
Phenyl,  212. 

,,     series,  ethers  of,  276. 

„     series,  hydrides  of  the  radi- 
cals of,  237. 

„     series,  monacid  alcohols  of, 
258. 

„     series,  normal  monacid  alco- 
hols of,  258. 
„     series,  radicals  of,  211. 
5,     series,  secondary  alcohols  of, 
259,  260. 
Phenylamine,  S65. 
Phenylene  series,  220. 
Phenylic  hydride,  238. 

,,       iodide,  280. 
Phosgene  gas,  59. 
Phosphate,  triple,  119. 
Phosphates,  119. 
Phosphines,  363,  370. 

salts  of,  380. 
Phosphonic  iodide,  107,  109. 
Phosphoretted   hydrogen,  gaseous, 
108. 

„  hydrogen,  liquid,  108, 

110. 

„  hydrogen,  solid,  108, 

110. 

Phosphoric  chloride,  107,  111. 

„        oxytrichloride,  112. 

„        sulphotrichloride,  113. 
Phosphorite,  160. 
Phosphorous  trichloride,  107,  111. 

„  tri  hydride,  107. 

Phosphorus,  107. 

„        allotropic,  108. 
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Phosphorus,  amorphous,  108. 

„  compounds  of,  with  oxy- 
gen and  hydroxyl, 
114. 

„         manufacture  of,  107. 
„        organic  compounds  of, 
£63. 
red,  108. 

Phycite,  270. 
Picoline,  367. 
Piperidine,  366. 
Platinum,  178, 

Diplatosammonic  oxide,  180. 
Green  salt  of  Magnus,  179. 
Platinic  chloride,  179. 
,,      hydrate,  179. 
„      oxide,  179. 
,,      sulphide,  180. 
Platinoso-diammon  diammo- 

nium  dihydrate,  180. 
Platinoso-diammonic  dichlo- 

ride,  179. 
Platinous  chloride,  179. 
„      hydrate,  179. 
„      oxide,  179. 
,,       sulphide,  180. 
Platinum,  atomicity  of,  178. 

,,        compounds  of,  179. 
White  compound  of  Reiset,  179. 
Plattnerite,  181. 

Plumbic  compounds  (see  Lead). 
Plumbous  compounds  (see  Lead). 
Polyacid  alcohols,  270. 
Polybasic  acids,  definition  of,  9. 
Porcelain  clay,  177. 

of  Passau,  177. 
Positive  elements,  4. 
Potash,  147. 

„     caustic,  147. 
Potassium,  145, 

Dipotassic  aluminate,  176. 

„        aluminic  hexasilicate, 
103. 

,,         chromate,  186. 
„        chr  omous  disulphate, 
187. 

„         cobaltous     di  carbo- 
nate, 196. 
cobaltous  disulphate, 
196. 

cupric  disulphate, 
172. 

„        dichromate,  186. 


Potassium  {continued). 

Dipotassic  dichromic  tetrasul- 
phate,  187. 
„        diferric  tetrasul- 

phate,  194. 
„        disulphide,  149. 
„        ferrous  disulphate, 
194. 

„        heptasulphide,  149. 
„        nickelous  disulphate, 
198. 

„        nickelous  tricarbo- 

nate,  198. 
„        pentasulphide,  149, 

150. 

„        plumbate,  184. 
„        sulphide,  149. 
•„         tetrasulphide,  149. 
„         trichromate,  186. 
„        trisulphide,  149, 
150. 

Hydric  potassic  tartrate,  132. 
„      sodic    potassic  phos- 
phate, 119. 
Normal  potassic  chromate,  186. 
Potassic  antimonylic  tartrate, 
132. 

„       aurate,  174. 

„       bichromate,  186. 

„       carbonate,  151. 

„       chloride,  145,  147. 

„       chlorochromate,  188. 

„       chromate,  normal,  186. 

„       ethide,  389. 

„       dioxide,  148. 

,,       ferrate,  193. 

„       ferri cyanide,  227. 

„       ferrocyanide,  226. 
fluoride,  147. 

„       hydrate,  145,  147. 

„       iodide,  145,  147. 

,,       oxide,  148. 

,,       perchlorate,  prepara- 
tion of,  50. 

„       peroxide,  149. 

,,       sulphide,  145. 

,,       sulphocarbonate,  73. 

„       sulphocyanate,  228. 
sulphhydrate,  149. 

„       terchromate,  186. 

„       tetroxide,  148,  149. 
Potassiozincic  ethide,  391. 
Potassiozincic  methide,  391. 
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Potassmm  {continued). 

Potassium  chrome  alum,  187. 
„        compounds  of,  147. 
„        compounds  of,  with 

bromine,  147. 
„        compounds  of,  with 

chlorine,  147. 
„        compounds  of,  with 

fluorine,  147. 
„        compound   of,  with 
hydrosulphyl,  149. 
„        compound  of,  with 

iodine,  147. 
„        compounds  of,  with 

oxygen,  148. 
„        compounds  of,  with 

sulphur,  149. 
„        iron  alum,  194. 
„        manganese  alum,  190. 
Tetrapotassic  dichromosulphate, 
187. 
Potassoxyl,  28. 

Positive  compound  radicals,  hydrides 
of,  232. 

'  „      dyad  radicals,  haloid  ethers 
of,  281,  287. 
„      monad  radicals,  haloid  ethers 

of,  280,  282. 
,,      organic  radicals,  207. 
„      triad  radicals,  haloid  ethers 
of,  281. 
Powder,  bleaching,  48. 
Prehnite,  176. 
Propione,  360. 
Proportion,  combining,  2. 
Propoxyl.  203. 
Propyl,  208. 
Propylene,  213. 
Propylenic  bromide,  288. 

chloride.  288. 
iodide,  288. 
Propylic  glycol,  monochlorinated, 
269. 

Propylic  iodide,  280. 
Proustite,  125. 
Prvissian  blue,  227. 
Pseud orcin,  270. 
Psiloraelane,  189. 
Purpureo-cobalt  chloride,  196. 
Pyridine,  367. 
Pyrites,  capillary,  197. 

„       cobalt,  196. 

„      copper,  194. 
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Pyrites,  iron,  193. 

„       magnetic,  195. 

„      martial,  193. 
Pyrolusite,  189. 
Pyromorphite,  119. 
Pyrophosphates,  118. 
Pyrophyllite,  103. 
PyrosulphantimOnites,  187. 
Pyroxylic  spirit,  249. 

Quadrantoxide,  cuprous,  171. 
Quartz,  102. 
Quicklime,  161. 
Quinine,  370. 

Radicals,  acetylene  series  of,  217. 

,,        compound,  26. 

compound  basylous,  hy- 
drides of,  232. 

„  compound. chief  inorganic, 
list  of,  28. 

„  compound,  chief  inorganic, 
symbols  of,  28. 

„  compound,  definition  of, 
27. 

„        compound,  dyad,  27. 

compound,  monad,  22. 
„        compound,  triad,  27. 

dyad  basylous,  212. 
„        dyad,  relations  of  succinic 
series  to,  340. 
haloid  ethers  of  the  dyad 
positive,  287,  281. 
„        haloid  ethers  of  the  monad 

positive,  280,  282. 
„        haloid  ethers  of  the  triad 

positive,  281. 
„        hydrides  of  positive  com- 
pound, 232. 
„        monad  basylous,  207. 

monad,   relations  of,  to 
fatty  acids,  302. 
„        negative,  hydrides  of,  232, 
243. 

normal,  of  the  methyl  se- 
ries, 207,  208. 

„  normal,  of  the  methyl  se- 
ries, preparation  of,  209. 

,,        of  the  phenyl  series,  211. 

„  of  the  phenyl  series,  hy- 
drides of,  237. 

„        of  the  vinyl  series,  210. 

„        organic,  200. 
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Radicals,  secondary,  of  the  methyl 
series,  208. 
„        simple,  26. 
„        tertiary,  of  the  methyl  se- 
ries, 208. 
,,        triad  basylous,  220. 
Rational  formulae,  17. 
RazoumoS'skin,  178. 
Realgar,  124. 
Red  antimony,  135. 
copper  ore,  171. 
haematite,  192. 
„    lead,  181. 
„    lead  ore,  187. 
„    manganese,  191. 

phosphorus,  108. 
„    silver  ore,  154. 
,,    zinc,  164. 
Reiset,  white  compound  of,  179. 
Rock-crystal,  102. 
Roseo-cobalt  chloride,  196. 
Rothbraunsteinerz,  191. 
Rother  Mangankiesel,  191. 
Rubidium,  153. 
Ruby  ore,  171. 
Rutile,  106. 

Salt  cake,  152. 

Salts,  acid,  definition  of,  13. 

„     ammonic,  67. 

„     basic,  definition  of,  13. 

„     definition  of,  12. 

„     ethereal,  243,  361. 

„     haloid,  definition  of,  12. 

„     neutral,  definition  of,  12. 

„     normal,  definition  of,  12. 

,,     oxy-,  definition  of,  12. 

,,     sulpho-,  definition  of,  12. 
Sand,  102. 
Saponite,  178. 
Scheele's  green,  122. 
Schwarzer  Mangankiesel,  191. 
Schweinfurt  green,  123. 
Secondary  alcohols  of  the  phenyl 
series,  259,  260. 
„         monacid  alcohols,  252. 
„         radicals  of  the  methyl 
series,  208. 

Selenite,  160. 
Selenium,  84. 

chlorides  of,  84. 
„         compounds  of,  with  oxy- 
gen and  hydroxyl,  85. 


Seleniuretted  hydrogen,  84. 
Senarmontite,  131. 
Serpentine,  103. 
Signs,  use  of,  16. 
Silicates,  102. 

Aluminic  calcic  disilicate,  103. 
,,       calcic  trisilicate,  103. 
,,  tricalcictrisilicate,103. 
Anorthite,  103. 

Calcic  magnesic  disilicate,  103. 
Chloropal,  103. 
Diglucinic  silicate,  102. 
Dihydric  aluminic  tetrasilicate, 
103. 

„      trimagnesic  disilicate, 
103. 

Dimagnesic  silicate,  102. 
Diopside,  103. 
Dioptase,  173. 

Dipotassic  aluminic  hexasilicate, 
103. 

Dizincic  aluminic  hexasilicate, 
102. 

Dizirconic  aluminic  hexasilicate, 

102. 
Emerald,  103. 
Enstatite,  102. 
Felspar,  103. 
Ferric  trisilicate,  103. 
Grossularia,  103. 
Hydric  cupric  silicate  hydrate, 

173. 

Labradorite,  103. 
Meerschaum,  103. 
Monomagnesic  silicate,  102. 
Okenite,  103. 
Orthose,  103. 

Peridote,  102.  , 
Phenacite,  102. 
Pyrophyllite,  103. 
Serpentine,  103. 
Steatite,  103. 
Talc,  103. 

Tetrahydric    calcic  disilicate, 
103. 

„  dimagnesic  trisi- 

licate, 103. 
Tetramagnesic  pentasilicate, 
103. 

Triglucinic  aluminic  hexasili- 
,  cate,  103. 

Trimagnesic  tetrasilicate,  103. 
Willemite,  102 
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Silicates  {continued). 

Zircon,  102. 
Silicic  bromide,  100. 
„     chloride,  99. 

ethide,  385. 
„     fluoride,  100. 
„     hydride,  99. 
,,     sulphide,  104. 
Siliciferous  manganese,  191. 
Silicium,  97. 
Silicon,  97. 

„       adamantine,  98. 
5,       amorphous,  97. 

compounds  of,  with  oxygen 
and  hydroxyl,  101. 
,,       graphitoidal,  98. 
Sillimanite,  177. 
Simple  radicals,  26. 

„      substances,  1. 
Silver,  154. 

Argentic  chloride,  154,  155. 
„       hydrate,  155. 
„       iodide,  154,  155. 
„       nitrate,  154. 
„       oxide,  154,  155. 
„       peroxide,  155. 
„       sulphate,  154. 
Argentide,  antimonious,  127. 
Argentous  oxide,  155. 
Silver,  compounds  of,  with  oxy- 
gen, 155. 
glance,  154. 
horn,  154. 
„     ore,  dark-red,  154. 
Trisulphargentic  sulphantimo- 
nite,  137. 
Soda  ash,  152 
Sodic  carbonate,  151. 
„     chloride,  151. 
„     hydrate,  151. 
„     oxide,  151. 
„     nitrosulphate,  70. 

pyrantimoniate,  135. 
„     sulphide,  152. 
Sodio-zincic  ethide,  391. 
Sodium,  151. 

Solid  phosphoretted  hydrogen,  108, 

110. 
Spar,  lead,  183. 

„     manganese,  190. 
Spathic  iron  ore,  195. 
Specular  iron,  192. 
Spinelle,  176. 


Spirit  of  wine,  250. 
Spodumene,  176. 
Stannic  compounds  (see  Tin). 
Stannous  compounds  (see  Tin). 
Statical  formulae,  26. 
Stearin,  268. 
Steatite,  103. 
Stibines,  363,  370. 

„      salts  of,  380. 
Stibnite,  136. 
Strontiamte,  160. 
Strontic  carbonate,  160. 

„      chloride,  159. 
hydrate,  159. 

„      oxide,  159. 

„      peroxide,  160. 

,,      sulphate,  160. 
Strontium,  159. 
Struvite,  163. 
Strychnine,  370. 
Substances,  compound,  1. 

„         simple,  1. 
Substitution  derivatives  of  benzol, 
239. 

Succinamide,  374. 
Succinic  series  of  acids,  339. 

series,  relations  of,  to  acetic 
series,  341. 
„      series,  relations  of,  to  dyad 

radicals,  340. 
„      series,  relations  of,  to  lactic 
series    and  to  glycols, 
340. 

Succinimide,  373,  376. 
Sulphantimonic  anhydride,  138. 
Sulphantimonites,  137. 
Sulphantimonious  anhydride,  136. 
Sulphargentic  metasulphantimonite, 
137. 

„  svilpharsenite,  125. 

Sulphates,  79,  80. 
Sulphhydrates,  71. 
Sulphhydric  acid,  71. 
Sulphide,  antimonic,  136,  138. 

„       antimonious,  136. 

„       arsenic,  124,  125. 

,,       arsenious,  124. 

„       bismuthous,  144, 

„       boric,  56. 
Sulphides,  71. 
Sulphites,  76. 
Sulphobismuthites,  145. 
Sulphocarbonates,  73. 
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Sulphocuprosoferrous  pyrosulphan ' 

timonite,  137. 
Sulphocuprous  metasulphantimo-' 

nite,  137. 

Sulplioferrous  metasulphantimonite, 
137. 

Sulphohydrate,  cupric,  171. 
Sulphophenylurea,  369, 
Sulphoplumbic  metasulphantimo- 
nite, 137. 
„  pyrosulphantimo- 

nite,  137. 
„  sulphobismuthite, 
14.3. 

Sulphosalts,  definition  of,  12. 
Sulphosulphates,  81. 
Sulphur,  69. 

„       alcohol,  251. 

allotropic  varieties  of,  70. 
„       an  analogue  of  oxygen,  70. 
„       compounds  of,  with  basy- 
lous  or  positive  elements, 
70. 

„       compounds  of,  with  oxygen 
and  hydroxyl,  74. 
Sulphuretted  hydrogen,  71. 
Sulphuric  dioxydichloride,  70. 
Surface,  measures  of,  33. 
Symbolic  notation,  14. 
Symbols,  6,  14. 

„       of  chief  inorganic  com- 
pound radicals,  28. 
„       table  of,  6. 
Systematic  names,  8. 

„        names  of  bases,  11. 

Table  of  atomic  weights,  6. 
•    „      chlorous  elements,  4. 
„      elements,  6. 

metalloids,  6,  32.  . 
„      molecular  volumes,  3. 
„      non-metals,  6,  32. 
,,      symbols,  6. 
Talc,  103. 

Tartar,  cream  of,  132. 

„      emetic,  132. 
Tartaric  or  glyoxyloid  series  of  acids, 

351. 

Telluric  bismuth,  145. 
Tellurium,  85. 

„        compounds  of,  86. 
ethide,  388. 
Tellurous  diethoxide,  388,  390. 


Tellurous  diethiodide,  388,  390. 

„       diethosulphate,  388. 
Temperatures,  34. 

Tertiary  acids  of  the  fatty  series,  298, 
311. 

„      diamines,  368. 

monacid  alcohols,  254. 
„      monamides,  374. 
„      monamines,  364,  366. 
„      monarsines,  377. 
„      radicals  of  the  methyl  series, 
208. 

Tetrachloride,  carbonic,  57. 
Tetrad  elements,  57,  175,  178,  180. 
Tetrads,  definition  of,  20. 

„      list  of,  32. 
Tetradymite,  145. 
Tetramines,  364. 
Tetratomic  molecules,  3. 
Tetrethylammonic  hydrate,  377. 
Tetrethylarsonio  chloride,  120. 
Tetrethyl  stibonic  chloride,  125. 
Thallic  carbonate,  153. 
„     chloride,  153. 
„      nitrate,  153. 
,,     Qxide,  153. 
„     perchloride,  153. 
„     peroxide,  153. 
,,      sulphate,  153. 
,,     sulphide,  153. 
Thallium,  153. 
Thebaine,  370. 
Thick  letters,  use  of,  16. 
Tincal,  55. 
Tin,  104. 

Distannic  hexethoxide,  390. 
Hypostannic  ethide,  387. 

,,         ethodiniodide,  387. 
Stannic  acid,  104. 

„      anhydride,  104. 

„      chloride,  104. 

„      chlorodiethide,  388. 

„  .    chlorotriethide,  387. 

„     ethide,  387,  390. 

„      ethodimethide,  387. 

„      iododiethide,  387,  390. 

„      iodotriethide,  387,  390. 

„      iododimethide,  392, 

„      iodotrimethide,  392. 

„      methide,  392. 

„      oxide,  104. 

„      sulphide,  105. 

„  triethohydrate,387,390. 
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Stannous  chloride,  104. 
„       ethide,  387. 
„       hydrate,  104. 
„       oxide,  104. 
„       stannate,  105. 
„       sulphate,  106. 
„       sulphide,  105. 
„       sulphostannate,  105. 
Stann  trie  thy  lie  alcohol,  388. 
„  chloride,  388. 

„  ether,  388. 

„  haloid  ether, 

388. 

Tin,  compounds  of,  104. 
Titanic  acid,  106. 

„      anhydride,  106. 

„      oxide,  106. 

„     sulphide,  106. 

„      tetrachloride,  106. 
Titanium,  106. 

„       compounds  of,  106. 
Titanous  oxide,  106. 
Toluol,  237. 
Triacetin,  362. 

Triacid  alcohols,  244,  245,  267. 

„      alcohols,  ethers  of,  279. 
Triad  basylous  radicals,  220. 
„     compound  radicals,  27. 
„    elements,  51,  174. 
„    positive  radicals,  haloid  ethers 
of,  281. 
Triadelphic  type,  202,  203. 
Triads,  definition  of,  20. 

„     list  of,  32. 
Trialkalamides,  375. 
Triamides,  375. 

„        primary  constitution  of, 
375. 

„        secondary  and  tertiary, 
375. 
Triamines,  364. 

„        diacid  salts  of,  379. 
„        monacid  salts  of,  379. 
normal  salts  of,  379. 
Triamylamine,  367. 
Triamylstibine,  128. 
Triatomic  molecules,  3,  19. 
Tribasic  acids,  352. 

„      acids,  aconitic  or  acryloid 

series,  353. 
,,      acids,  citric  or  lactoid  series, 
353. 


Tribasic  acids,  desoxalic  or  glyoxy- 
loid  series,  353. 
„      acids,  tricarballylic  or  ace- 
toid  series,  352. 
Tribrombenzol,  240. 

„  hydrobromate,  240. 

Trichloraniline,  376. 
Trichlorbenzol,  241. 
Trichlorhydrin,  282,  289. 
Trichlorinated  &c.  amines,  363,  375. 
„  methylic  cliloride, 

285. 

Triethylamine,  367. 
Triethylarsine,  371. 
Triethylphosphine,  371,  385. 
Triethylstibine,  128. 
Triethylsulphine  iodide,  70. 
Trimercuric  diamide,  170. 
Trimethylamine,  367. 
Triphylline,  152. 
Triple  phosphate,  119. 
Trisodic  phosphate,  119. 

„      sulphophosphate,  114. 
Trititanic  tetranitride,  106. 
Trivial  names,  8. 
Turnbull's  blue,  227. 
Turpeth  mineral,  168. 
Type,  ammonia,  202. 

„    ammonic  chloride,  202. 

„    condensed    diadelphic,  202, 
203. 

„    diadelphic,  201,  202. 
„    double  monadelphic,  202,  203. 
„    marsh-gas,  201. 
„    methyl,  201. 
„    monadelphic,  202,  201. 
„    define,  202. 
„    triadelphic,  202,  203. 
Types  of  organic  compounds,  201. 

Union,  molecular,  30. 
Urea,  368. 

,,     a  diamine,  369. 
„    derivatives  of,  368. 
„     formation  of,  368. 
„     reaction  of,  369. 
Use  of  signs,  16. 
,,   of  the  bracket,  16. 
„   of  the  crith,  35. 
,,  of  thick  letters,  16. 

Valentinite,  131. 

Variation  of  atomicity,  apparent,  20. 
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Variation  of  atomicity,  law  of,  21, 
Varieties  of  sulphur,  70. 
Varvicite,  189. 
Vermilion,  168. 
Vivianite,  119, 

Vinyl  series,  ethers  of  the,  272,  276, 
,,     series,  monacid   alcohols  of 

the,  255. 
,,     series,  radicals  of,  210. 
Vitriol,  lead,  182. 

,,     ochre,  194. 
Volume,  molecular,  2,  3. 
Volumes,  3. 

„      law  of,  3. 

Water,  43. 

„     of  crystallization,  30,  43. 
Wavellite,  119. 
Weight,  atomic,  2. 

„      measures  of,  34. 

„      molecular,  2. 
Weights  and  measures,  32. 

„     atomic,  table  of,  6. 
Wernerite,  177. 

White  compound  of  Eeiset,  179. 

,,     lead  ore,  183. 
Willemite,  102,  165. 
Witherite,  156. 
Worthite,  177. 


Xenolite,  177. 
Xylol,  237. 

Zinc,  164. 

blende,  164. 
„   compound  of,  with  oxygen,  165. 
,,  glass,  165. 
Zincic  amide,  386. 

,,     amylide,  391. 

„     carbonate,  164, 166. 

„     chloride,  164. 

„     dinitroethylate,  385. 

„     ethide,  381,  389. 

„     ethiodide,  385. 

„     ethylate,  381. 

„     hydrate,  164,  166. 

,,     methide,  391. 

„     methide  ethylate,  386. 

„     methyldithionate,  386. 

„     oxide,  164, 165. 

„     propionate,  385. 

,,     succinate,  381. 

„     sulphate,  166. 

„     sulphide,  164. 
Zincide,  antimonious,  128. 
Zincoxyl,  28. 
Zircon,  102. 
Zoisite,  176. 


THE  END. 


Printed  by  Tayloe  and  Feancis,  Eed  Lion  Court,  Fleet  Street. 
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